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ABSTRACT 


The  goal  of  this  Investigation  was  to  dete'rnlne  ex¬ 
perimentally  the  true  shape  of  the  rotational  absorption 
lines  of  the  hydrogen  i’luorlde  fundamental  band.  The  line 
shapes  were  to  be  measured  at  pressures  where  pressure 
broadening  made  the  only  significant  contribution  to  the 
true  line  shape.  The  centers  of  the  rotational  lines  of 
the  fundamental  and  first  overtone  bands  were  to  be  meas¬ 
ured.  Chapter  I  of  this  manuscript  is  an  introduction  to 
the  problems  and  goals  of  this  investigation. 

Chapter  II  of  this  manuscript  discusses  in  detail 
the  experimental  aspects  of  this  investigation.  All  data 
were  taken  with  the  vacuum-grating  spectrograph  recently 
completed  at  the  University  of  Tennessee.  Several  instru¬ 
mental  changes,  pertaining  to  calibration,  glover  stabi¬ 
lisation,  and  filtering,  are  discussed.  Several  experi¬ 
mental  difficulties,  such  as  stray  light,  glover  operation 
in  vacuum,  and  motion  of  optical  parts,  are  discussed  along 
with  their  solutions.  A  description  is  given  of  the  gas 
handling  system  that  was  constructed  to  permit  safe  and 
convenient  handling  of  RF.  A  method  for  correcting  meas¬ 
ured  spectral  line  shapes  for  the  distortions  caused  by 
Instrumental  broadening  is  also  explained. 

Chapter  III  is  devoted  to  the  results  of  the  line 
center  and  line  shape  measurements.  Tventy-one  fundamental 


and  •aventeen  first  overtone  line  centers  were  measured  at 
low  pressure  with  an  estimated  accuracy  of  ±0*02  om'*^.  The 
fundamental  and  first  overtone  band  centers  vers  calculated 
to  be  3961.43  om“^  and  7750*®3  respectively.  Several 

other  molecular  constants  were  calculated.  Pressure  in¬ 
duced  shifts  in  the  centers  of  the  rotational  lines  were 
measured. 

The  Lorents  expression  for  the  shape  of  a  pressure 
broadened  line  was  found  to  fit  the  true  line  shape  quite 
well  if  the  power  n  of  the  distance  from  the  line  center 
was  allowed  to  vary.  For  lines  whose  width  at  one-half 
their  maximum  per  cent  absorption  was  less  than  2.2  om~^ i 
n  was  found  to  be  equal  to  2.  The  value  of  n  decreased 
for  lines  wider  than  the  above  to  as  low  as  *1.79  and  had  an 
average  value  of  1.85.  In  the  range  of  pressures  studied 
(1  cm  to  5  atm  pressure)  n  had  no  measurable  dependence 
on  pressure.  Within  experimental  error,  n  was  constant 
from  the  line  center  to  at  least  10  cm~^  from  the  line 
center  for  a  particular  line. 

Chapter  IV  summarises  the  results  of  this  investi¬ 
gation  and  makes  several  suggestions  for  future  experiments 
in  this  field.  The  Appendices  include  Information  on  in¬ 
strumental  broadening  corrections  and  line  shape  data. 
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CHAPTER  I 


INTRODUCTION 

The  energy  levels  of  a  system  of  molecules  are  not 
sharp*  As  a  result^  spectral  lines  that  arise  because  of 
a  transition  from  one  energy  level  to  another  are  not  mono¬ 
chromatic*  They  have  a  frequency  spread  around  an  average 
or  center  frequency*  The  spectral  lines  are  said  to  be 
broadened* 

Energy  levels  are  widened  by  four  mechanisms! 

1*  Natural  broadening  Is  a  direct  consequence  of 
the  Heisenberg  Uncertainty  Principle*  The  width  of  an 
energy  level  Is  Inversely  proportional  to  the  mean  life¬ 
time  of  the  level* 

2*  Doppler  broadening  arises  from  the  Doppler 
shift  In  frequency  that  Is  observed  when  a  source  of  radi¬ 
ation  (or  absorption)  has  a  velocity  component  In  the  di¬ 
rection  of  observation.  The  molecules  of  the  gas  under 
observation  will  have  a  Maxwellian  distribution  of  veloc¬ 
ities  along  the  direction  of  observation* 

3*  Pressure  broadening  Is  due  to  collisions  among 
molecules*  It  is  assumed  that  the  collision  time  Is  short 
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compared  to  the  time  between  collisions ,  and  only  binary 
collisions  are  considered* 

4*  Statistical  broadening  is  the  name  given  to 
broadening  that  arises  when  pressures  are  so  high  that  the 
collision  time  is  long  compared  to  the  time  between  colli¬ 
sions* 

Natural  broadening  is  extremely  small*  In  the  in¬ 
frared  region  of  the  spectrum,  Doppler  broadening  is  com¬ 
pletely  masked  by  pressure  broadening  even  at  pressures 
as  low  as  1  cm  of  Mercury*  Statistical  broadening  becomes 
Important  at  pressures  well  above  5  atm.  Thus  the  shape 
of  spectral  lines  in  the  Infrared  at  moderate  pressures 
(l  cm  to  3  atm)  is  due  to  molecular  collisions  of  short 
duration.  One  studies  line  shapes  with  the  hope  of  finding 
out  how  molecules  behave  during  collisions*  Such  infor¬ 
mation  should  lead  to  a  better  understanding  of  intermoleo- 
ular  forces* 

To  facilitate  the  study  of  shapes  of  spectral  lines, 
one  should  have  a  spectrum  in  which  the  lines  are  far 
enough  apart  that  their  absorption  will  not  overlap  over  a 
wide  range  of  pressures  and  lengths  of  absorption  paths* 

To  make  the  theoretical  calculations  as  simple  as  possible, 
one  should  choose  a  diatomic  molecule  for  the  study* 


3 

The  molecule  h7drogen  fluoride  probably  fits  these 
requirements  better  than  any  other  molecule*  Earlier  work 
In  this  laboratory  by  Kulpers  (12)  demonstrated  that  HF 
could  be  handled  properly  and  was  quite  suitable  for  a  study 
of  line  shapes* 

A  type  of  broadening  that  has  nothing  to  do  with  qo- 
leeular  Interactions  is  called  Instrumental  broadening*  If 
a  spectral  line  could  be  scanned  with  an  Infinitely  narrow 
slit  and  If  there  were  no  Imperfections  in  the  optics  of 
the  spectrometer)  then  the  true  line  shape  would  be  ob¬ 
tained  directly.  Of  course ,  a  finite  slit  must  be  used, 
and  the  optics  are  not  perfect*  In  actual  practice  one 
obtains  a  line  shape  that  Is  more  Intense  In  the  wings  and 
less  intense  at  the  line  center  than  the  true  line  shape* 
Correction  for  this  type  of  broadening  can  be  made,  but  the 
higher  the  resolving  power  of  the  spectrometer  and  the 
better  the  optlcS)  the  less  this  correction  need  be* 

The  vacuum-grating  spectrometer  at  the  University  of 
Tennessee  Is  well  suited  to  the  study  of  spectral  line 
shapes*  The  resolving  power  of  this  Instrument  with  an 
appropriate  grating  Is  high,  and  the  optics  are  good*  This 
means  that  a  wide  range  of  line  widths  can  be  examined  with¬ 
out  corrections  for  Instrumental  broadening  becoming  too 
large*  Since  the  spectrometer  is  used  under  vacuum)  spectra 
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arising  from  atmospheric  absorption  can  be  eliminated. 

This  present  work  is  the  first  actual  research  that  has 
been  carried  out  on  the  spectrometer.  As  a  result y  several 
instrumental  problems  were  encountered ,  but  they  have  been 
largely  overcome. 

The  aim  of  this  investigation  was  to  determine  the 
true  shape  of  as  many  spectral  lines  of  the  HF  fundamental 
band  as  possible^  and  to  compare  the  experimental  results 
with  theoretical  calculations.  Towards  this  aim,  line 
shapes  were  obtained  at  a  number  of  different  pressures  and 
appropriate  cell  lengths.  It  has  generally  been  assumed 
that  spectral  lines  have  a  Lorents  shape  close  to  their 
line  center.  Recent  measurements  on  HF  by  Smith  (18)  and 
on  HCl  by  Benedict  (2)  indicate  that  a  modified  form  of  the 
Lorents  formula  gave  a  good  representation  of  the  line 
shape  at  distances  several  wave  numbers  away  from  the  line 
center.  It  is  hoped  that  this  present  work  will  confirm 
and  extend  these  earlier  results. 

This  present  work  will  be  presented  in  the  following 
manner:  first  there  will  be  a  discussion  of  the  experi¬ 

mental  details  of  the  spectrometer  Itself,  of  handling  HF, 
and  of  taking  and  handling  data;  second,  the  results  of  the 
measurements  on  line  frequencies,  shapes,  and  widths  will 
be  presented  and  analysed;  and  finally,  some  conclusions 


will  be  drawn  and  recommendations  for  future  work  will  be 


given 


CHAPTER  II 


EXPERIMEHTAL  DETAILS 

I.  THE  SPECTROMETER  AND  SOME  MODIFICATIONS 

Optical  Layout 

The  high  resolution,  Taeuun-gratlng  speetrometer 
at  nnlrerslty  of  Tennessee  has  been  described  completely 
by  Herndon  and  Nielsen  (9)*  For  conTenlence,  ray  dia¬ 
grams  of  the  optical  system  are  shown  in  Figs.  1  and  2« 

Ml,  ,  and  M3  are  spherical  mirrors.  M4  is  a  flat  mirror. 
Mirrors  M3,  II3,  and  M7  and  prism  P  comprise  a  basic  Perkln- 
Elmer  Interchange  Unit.  Mirrors  M3  and  M9  are  off-axis 
paraboloids.  Mirror  Mig  is  an  off-axis  paraboloid  with  a 
48-lneh  focal  length.  Mu  is  a  flat  mirror  with  a  2-ineh 
square  hole  cut  in  its  center.  M13  is  a  flat  mirror,  and 
Mi3  is  an  ellipsoidal  mirror. 

Preliminary  measurements  on  the  HF  spectrum  indi¬ 
cated  that  the  prism  monochromator  arrangement  was  not  en¬ 
tirely  satisfactory.  Also,  use  of  a  Fabry-Perot  inter¬ 
ferometer  proTed  to  be  a  rather  inconvenient  method  of 

« 

Drawing  No.  021-0701,  Perkin-Elmer  Corporation, 
Norwalk,  Connecticut. 
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Optical  seliOTia  for  gattlng  radiation  to  the  grating  monochromator 
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calibration.  Changes  to  these  parts  of  the  spectrometer 
and  seyeral  additions  to  the  spectrometer  will  now  be  dis¬ 
cussed. 

The  Monochromator 

The  first  step  In  making  intensity  measurements  is 
to  calculate  per  cent  absorption.  To  do  this  with  accuracy 
it  is  necessary  to  be  sure  that  only  one  order  of  wave¬ 
length  reaches  the  detector.  That  is,  in  the  grating 
equation  v  =  mk/sln6|  it  is  important  that  m  be  allowed 
only  one  value.  Originally,  a  foreprlsm  of  NaCl  was  used 
to  sort  out  orders.  Although  the  filtering  of  the  prism 
was  adequate,  several  disadvantages  resulted  from  its  uset 

1.  The  surfaces  of  the  prism  gradually  deteriorated 
because  of  condensation  of  atmospheric  water  vapor  when  air 
was  allowed  to  enter  the  evacuated  spectrometer  unless  the 
air  was  passed  through  a  drying  tower. 

2.  The  prism  position  continually  had  to  be  max¬ 
imised.  That  is,  for  every  short  spectral  range  the  posi¬ 
tion  of  the  prism  required  adjustment  to  permit  maximum 
energy  to  fall  on  the  grating,  because  the  prism  drive  was 
not  tied  in  with  the  grating  drive.  Only  by  doing  this 
could  reproducible  results  be  obtained. 

3.  In  order  to  use  a  greater  range  of  wavelengths, 
the  foreprism  section  was  designed  to  use  interchangeable 
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prlsss.  This  design  used  a  prism  calibration  sjstem  which 
did  not  hare  an  absolute  warelength  scale*  This  feature 
often  proTed  time  consuming  and  annoying,  especially  when 
the  spectrometer  was  being  aliened* 

The  simplest  solution  to  the  difficulties  was  to 
eliminate  the  prism  and  use  an  appropriate  band-pass  fil¬ 
ter*  The  prism  was  remoTsd,  and  the  Littrow  mirror  mount 
was  adjusted  so  as  to  hold  a  plane  mirror  in  position  Np* 
This  change  can  be  seen  in  Fig*  1*  A  germanium-on-glass 
composite  filter  was  obtained  from  the  Bausch  and  Lomb 
Optical  Company.  This  filter  passes  about  80  per  cent  of 
the  radiation  between  2  and  3  microns,  has  rather  sharp 
cutoffs,  and  passes  only  about  1  per  cent  of  the  radiation 
outside  the  cutoffs.  The  filter  is  mounted  Just  in  front 
of  slit  S^. 

CiUteittop  IqBtPwaJfe 

The  spectrometer  was  originally  equipped  with  optics 
for  a  Pabry-Perot  Interferometer  for  eallbratlon  purposes* 
The  source,  a  sirconlum  are,  was  mounted  Inside  the  spec¬ 
trometer  and  proved  to  hare  a  very  short  life  in  vacuum* 
Another  drawback  in  the  use  of  the  Interferometer  was 
caused  by  temperature  fluctuations*  Changes  greater  than 
l^C  caused  errors  in  calibration*  Rather  than  redesign  the 
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Interferometer,  It  vae  decided  to  use  a  different  method  of 
calibration.  The  use  of  a  hollow  cathode  neon  emission 
source  for  calibration  lines  has  been  discussed  by  Rao  and 
his  oo-vorkers  (16),  (17).  The  hollow  cathode  source  used 
the  optics  of  the  Interferometer,  and  was  mounted  In  place 
of  the  ilrconlum  source. 

Since  the  ho'llow  cathode  source  used  here  Is  used  In 
Tacuum,  Its  construction  differs  somewhat  from  Rao's.  A 
d.lagram  Is  shown  In  Fig.  3.  When  a  proper  amount  of  neon 
gas  (about  2  or  3  cm  pressure)  has  been  admitted  to  the 
hollow  cathode  source,  a  500  volt  DC  potential  difference 
usually  causes  the  source  to  light  automatically.  The 
▼oltage  Is  then  reduced  so  that  the  current  will  be  between 
50  and  10&  ma  DC. 

Light  from  the  hollow  cathode  source  Is  focused  at 
the  top  of  silt  SjB .  It  then  travels  the  same  path  through 
the  grating  section  as  Infrared  light,  though  slightly  off- 
axis.  It  emerges  from  the  grating  section  at  the  bottom  of 
silt  Ss  and  Is  reflected  by  a  plane  mirror  to  a  1P28  RCA 
photomultiplier  tube. 

Qlower  Stabiliser 

To  aid  In  making  accurate  intensity  measurements  the 
glower  output  should  remain  quite  constant  for  extended 


Construction  is  of  brass  u-tving 

unless  otherwise  noted. 


13 


periods  of  time.  A  system  in  which  a  photocell  monitors 
the  near  Infrared  output  of  the  glover  was  developed  by 
Dr*  V.  E.  Deeds  (5)*  The  stabiliser  keeps  the  glover  out¬ 
put  constant  to  better  than  1  per  cent* 

Coarse  and  fine  controls  permit  the  glover  current 
to  be  set  between  0*4  end  0.9  amps*  In  order  to  light  a 
glover  one  sets  the  controls  at  usual  operating  conditions 
and  heats  the  glover  with  a  propane  torch  or  some  other 
suitable  heat  source*  As  the  glower  begins  to  glow  It  Is 
placed  under  observation  of  the  photocell  and  soon  reaches 
a  stable  output* 

A  ballast  resistance  Is  kept  in  series  with  the 
glover  at  all  times*  The  ballast  prevents  very  fast  cur¬ 
rent  surges  (which  the  stabiliser  Is  not  designed  to  handle) 
from  causing  the  glover  to  go  out* 

MlififiilBtglil 

Various  gratings  that  were  available  were  Illumi¬ 
nated  by  equal  Intensities  of  light  from  the  glover  and 
were  compared  at  equal  spectral  slit  widths  in  the  region 
of  the  HF  spectrum*  It  was  found  that  the  15y240  lines  per 
inch  grating,  when  used  in  first  order,  diffracted  more 
2*5  micron  energy  than  other  available  gratings* 
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Infrared  light  was  detected  by  an  uneooled  Kodak 
Ektron  lead  eulphide  detector* 

The  neon  and  Infrared  elgnale  were  chopped  by 
thirteen  cycle  per  second  choppers*  Each  signal  was  ampli¬ 
fied  by  Model  107  Perkln-Elmer  amplifiers  and  then  sent  to 
separate  pens  of  a  Leeds  and  Northrup  two-pen  Speedomax  Re¬ 
corder. 

II.  INSTRUMEHTAL  DIFFICULTIES 

Prlft 

An  Instrumental  problem  that  has  not  been  completely 
solved  is  that  of  "drift."  Drift  shows  up  in  two  ways* 
First,  the  grating  drive  may  be  stopped  at  the  peak  of  some 
absorption  line,  but  Instead  of  the  recorder  pen  tracing  a 
straight  line  on  the  chart  paper.  It  slowly  drifts  towards 
lower  energy*  The  grating  can  be  turned  to  bring  the  pen 
back  to  the  peak  of  the  line*  Second,  a  spectral  line  can 
be  scanned,  the  grating  drive  reversed,  and  the  line  then 
rerun.  The  lines  do  not  always  exactly  overlap  on  the 
chart  paper. 

It  was  finally  discovered  that  the  cork  gaskets  In 
the  mirror  holders  had  shrunk  (probebly  from  continued 
exposure  to  vacuum  conditions),  thus  permitting  the  mirrors 
to  move  slightly*  The  cork  gaskets  were  replaced  with 
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fairly  hard  rubbar  gaakats,  and  all  erldenoes  of  drift  dis¬ 
appeared  for  several  months*  However »  a  slight  drift  can 
now  be  detected  over  a  period  of  several  hours |  but  In  the 
time  required  to  calibrate  a  spectral  line  this  small  drift 
has  a  negligible  effect. 

The  Hemet  Qlewer 

Qlovers  obtained  prior  to  1954  from  the  Stupakoff 
Dlvlelon  of  the  Carborundum  Company  performed  very  well  In 
vacuum*  A  hatch  of  glovere  obtained  from  the  same  company 
In  1958  gave  off  a  fine  white  powder  when  used  In  vacuum* 
This  powder  is  believed  to  be  due  to  a  boiling  off  of  the 
binder  that  Is  used  to  hold  the  glower  oxldee  together*  To 
prevent  the  powder  from  being  deposited  on  mirrors,  a 
glower  housing  was  constructed.  The  glower  light  paseed 
through  a  window  (KBr,  LIF,  etc.)  that  waa  sealed  onto  the 
houeing.  The  window  was  much  easier  to  clean  than  the 
mirrors* 

The  window  serves  another  useful  purpose.  Occasion¬ 
ally  gases  are  admitted  to  the  spectrometer  chamber  so  that 
they  can  be  observed  under  low  pressure  and  long  path 
length.  Some  of  these  gases  (CO  and  CH3CI,  for  example) 
cause  the  glower  current  to  fluctuate  at  a  rate  too  rapid 
for  the  glower  stabiliser  to  handle*  The  window  and  housing 
prevents  these  gases  from  reaching  the  glower. 
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The  method  of  Ebere  and  Nielsen  (7)  le  used  to 
attach  leads  to  the  glovers*  In  this  method  sereral  inches 
of  platinum  wire  are  wrapped  around  each  end  and  heated 
until  a  bead  is  formed*  Leads  are  then  spot-welded  to  the 
beads*  The  ends  of  the  glover  become  quite  hot  during  thie 
procedure y  and  the  areas  between  the  hot  and  cool  parts  of 
the  glover  become  quite  fragile*  However*  it  was  found 
that  leads  slnpl7  could  be  wrapped  around  the  ends  of  the 
glover  without  attaching  the  bead*  and  the  glover  could 
still  be  lit*  If  the  glover  was  allowed  to  burn  for  an 
hour  or  so  in  this  manner  and  than  allowed  to  cool*  it 
would  become  quite  strong.  Beads  could  then  be  attached  in 
the  usual  manner  and  no  difficulty  resulted* 

g^rai.  IflEht 

Vhen  the  spectrometer  is  at  atmospheric  pressure* 
many  of  the  spectral  lines  of  the  2*7  micron  water  vapor 
band  are  100  per  cent  absorbing*  It  was  discovered  that 
although  the  grating  was  set  for  the  peak  of  one  of  these 
lines*  the  light  intensity  Indicated  by  pen  position  would 
drop  vhen  the  slits  (Sg  and  Ss)  were  closed*  The  intensity 
would  drop  still  further  vhen  a  shutter  was  placed  in  front 
of  the  source* 

The  difference  in  intensity  between  "slits  closed- 
shutter  out"  and  "slits  closed-shutter  in"  is  caused  by 
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light  that  raaehaa  the  dataetor  by  balng  raflactad  off  tha 
baek  of  slit  than  off  othar  aurroundlng  aurfaeas^  and 
than  tovarda  tha  dataetor*  Slnoa  tha  light  trarallng  to 
tha  grating  aaotlon  and  tha  light  laarlng  allt  83  eroaa  in 
thla  araay  tha  atray  light  ean  navar  ba  eoaplataly  allal- 
natad*  HovaTar^  thia  light  la  oonatant  in  Intanalty  and  pan 
ba  raduead  to  a  fav  par  cant  of  tha  daairad  light  by  baf- 
flaa  that  ara  ahovn  in  a  top  riav  of  tha  dataetor  aaotlon 
in  Pig*  4(a)*  Thalr  poaltiona  are  datarainad  by  Boring 
thaa  while  watching  tha  recorder  and  taking  care  not  to  cut 
out  any  of  tha  daairad  light* 

Tha  Intanalty  dlffaranoa  between  a  apaotral  line 
that  abaorba  100  par  cant  and  "allta  eloaad-ahuttar  out” 
la  eauaad  by  atray  light  that  ia  daralopad  in  the  grating 
aaotlon*  Two  aoureaa  of  atray  light  ahowad  up  aa  pan  de- 
flaetlona  within  a  few  dagreaa  of  central  image,  and  on 
each  aide  of  it*  Tha  praaanea  of  tha  filter  aaaurad  one 
that  tha  light  waa  not  of  tha  waralength  Indicated  by  angu¬ 
lar  poaltlon*  Parloua  parta  of  tha  grating  and  of  ulrrora 
and  uaakad  with  atripa  of  paper  until  arantually 
tha  aoureaa  of  trouble  ware  found*  Both  aoureaa  of  atray 
light  ware  finally  eliulnatad  by  uaaklng  uirror  aa 
ahown  in  Pig*  4(b)* 


a. 


masks 


Fig*  4*  Stray  light  baffles  In  the  detector  section  (a)y 
and  stray  light  masks  on  mirror  Nxi,(b)« 

« 
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The  frequency  range  of  light  that  the  detector  eees 
at  any  one  inetant  is  that  light  falling  of  Sg •  Hoverery 
the  frequenciee  of  light  on  either  side  of  thia  frequency 
range  fall  acroee  the  face  of  waiting  their  turn  to  be 

driTen  acroee  Ss  by  the  grating.  Thia  light  falla  in  a 
band  about  1  inch  high  acroee  the  middle  of  N],i*  Some  of 
the  light  from  thia  band  ia  reflected  back  tovarda  and 
then  tovarda  S3.  Thia  aource  of  atray  light  ia  eliminated 
by  the  horiaontal  maak  on  mirror 

The  optica  of  the  grating  aectlon  are  auch  that  at 
about  5  degreea  on  the  low  angle  aide  of  the  main  central 
image  a  amaller  central  image  appeara.  Thia  amaller  cen¬ 
tral  la  cauaed  by  light  from  the  grating  that  reflecta  off 
the  edge  of  tovarda  and  then  tvoarda  83.  Thia 

amallef  central  image  and  Ita  aasoclated  apectra  are  elimi¬ 
nated  by  the  yertlcal  maak  on  mirror 

One  other  aource  of  stray  light  in  the  grating  aec¬ 
tlon  vaa  eliminated  by  placing  a  small  mask  at  the  center 
of  mirror  •  This  mask  eliminates  light  from  S3  that  has 
been  rendered  parallel  by  M^g  and  falls  directly  on  Sg. 

The  masks  and  baffles  described  above  lover  the  in¬ 
tensity  of  stray  light  to  about  5  per  cent  of  the  desired 
light.  This  small  amount  of  stray  light  can  be  handled 
without  much  difficulty,  and  the  method  is  described  in  the 
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••etlon  on  detoralnatlon  of  the  sero-llne  and  the  baae- 
line* 

Wit?r  Yipgr 

If  the  spectrometer  chamber  ie  pumped  on  for 
eereral  days*  the  pressure  can  be  reduced  to  about  50 
microns.  RovsTer,  enough  moisture  remains  In  the  chamber 
to  cause  the  strong  lines  of  the  2.7  micron  water  vapor 
band  to  absorb  as  much  as  10  per  cent  of  the  incident 
light.  This  absorption  was  t.'oublesomoy  as  the  lines 
P(5  end  6)  of  HP  hare  almost  the  same  line  centers  as  two 
of  the  water  lines.  Purthermorsy  the  water  absorption  in¬ 
terfered  with  measurements  that  were  made  on  B^Fg,  It  was 
felt  that  the  presence  of  water  vapor  was  not  as  much  a 
fault  of  the  pump  as  of  a  leak  either  in  the  water  cooling 
system  or  in  the  spectrometer  chamber  itself*  Attempts  to 
locate  such  a  leak  were  partially  successfulf  but  not  com¬ 
pletely  so. 

The  problem  was  solved  by  constructing  a  cold  trap 
inside  the  spectrometer  chamber.  The  trap  consists  of  a 
coil  of  copper  tubing  suspended  below  the  spectrometer 
table.  The  two  ends  of  the  coil  lead  through  the  spectro¬ 
meter  chamber  bulkhead.  One  end  was  left  open>  and  the 
other  end  was  connected  to  a  Dewar  of  liquid  nitrogen.  The 
liquid  nitrogen  vas  allowed  to  boll  off  through  the  collf 
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and  all  traces  of  water  vapor  spectra  were  quickly  froaen 
out* 


III.  QAS  RINDLINQ  SYSTEM  AND  ABSORPTION  CELLS 

Thg  ftculitr  frotlffB  9f  ,HF 

Because  HF  Is  extremely  corrosive ,  the  entire  gas 
handling  system  Is  constructed  of  monel,  nickel,  and  stain¬ 
less  steel*  All  permanent  Joints  are  silver  soldered.  HF 
reacts  to  some  extent  with  these  metals,  but  soon  forms 
surface  fluorides  which  prevent  further  reactions*  HF  also 
absorbs  on  the  metal  surfaces,  but  after  approximately  one- 
half  hour  the  pressure  ceases  changing,  and  an  equllibrlxim 
appears  to  be  reached* 

The  absorption  cell  windows  are  of  sapphire,  which 
has  resisted  corrosion  very  well,  except  for  one  case* 

When  HF  was  left  In  the  cell  for  6  or  7  hours  at  5  atm 
pressure,  an  opaque  crust  formed  on  the  windows*  The  crust 
could  be  easily  wiped  off  if  the  cell  were  taken  apart* 

The  windows  do  become  slightly  fogged  after  repeated  ex¬ 
posures  to  HF.  At  present,  the  windows  transmit  about  70 
per  cent  of  the  radiation  at  2*5  microns  after  having  been 
used  over  two  years*  No  "window  bands"  have  been  observed* 

At  room  temperature  HF  Is  highly  polymerised*  To 
reduce  the  polymer  absorption,  all  data  were  taken  at  a 
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temperature  of  100°C  except  for  the  data  at  5  atm  pressure » 
which  were  taken  at  120^C. 

The  Qaa  Handling  System 

Figure  5  shows  a  block  diagram  of  the  gas  handling 
system.  Three  connections  are  available  for  admission  of 
sample  gases.  The  valves  are  types  411  and  413  Hoke  pack¬ 
less  diaphragm  valves  of  monel  construction.  All  removable 
connections  use  Hoke  Ho.  410  gland,  seat,  and  nut  fittings. 
Hastings  thermocouple  gauges  are  used  to  measure  vacutim.  A 
chemical  trap  made  of  a  12-lneh  by  2-lneh  diameter  brass 
cylinder  filled  with  a  mixture  of  75  par  cent  alumina  and 
25  par  cant  soda  lime  Is  used  In  removing  HF  from  the  sys- 
temtfto  prevent  oil  pump  contamination  and  f times  In  the  lab¬ 
oratory.  The  cold  trap  Is  a  glass  cylinder  which  has  a 
ground  joint  connection  to  the  system.  The  Bourdon  gauge 
Is  equipped  with  a  monel  Bourdon  tube  and  Is  used  for  rough 
pressure  measurements.  Accurate  pressure  measurements  up 
to  128  cm  pressure  can  be  made  with  a  Taylor  Differential 
Pressure  Transmitter  (Model  Ho.  399RF).  The  transmitter 
has  a  phosphor  bronse  bellows.  Figure  6  shows  a  block 
diagram  of  the  differential  pressure  measuring  system. 

Figures  7  and  8  show  photographs  of  the  gas  hand¬ 
ling  system  developed.  The  gas  handling  system  proper 


Fig.  5*  Block  diagram  of  the  gas  handling  system 
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Fig.  7.  Front  view  of  the  gas  handling  system 
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Fig,  8,  Rear  view  of  the  gas  handling  system. 
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(Fig*  5)  !•  enclosed  In  an  aluninum  box  equipped  with  strip 
heaters*  The  entire  gas  handling  systen,  including  the 
Bourdon  gauge ,  tubing,  and  absorption  cells,  are  heated;  to 
lOO^C.  Temperatures  of  equipment  inside  the  racuum  chamber 
are  measured  with  a  Leeds  and  Northrup  thermocouple- 
potentiometer  system.  Thermocouple  leads  are  attached  to 
the  outside  of  an  absorption  cell  so  that  they  would  not 
come  in  contact  with  HF.  It  was  found  that  this  method 
gare  accurate  measurement  of  the  temperature  of  a  gas  in 
the  cell* 

Absorption  Celle 

Two  absorption  cells  were  used  in  this  work*  The 
1  and  5  etm  pressure  data  were  taken  in  the  0*047  cm  cell 
shown  in  Fig*  9(a).  The  cell  is  constructed  of  monel*  A 
cylinder  3  inches  long  is  attached  to  each  side  of  the 
cell,  and  the  whole  apparatus  is  wrapped  with  asbestos 
cowered  wire  for  heating  purposes* 

The  1,  5f  and  50  cm  pressure  data  were  taken  in  a 
cell  with  a  path  length  of  10  cm*  The  window  holding  sec¬ 
tion  of  this  cell  is  shown  in  Fig.  9(b)*  Brass  cylinders 
of  Tarlous  length  can  be  used  with  the  window  holding  sec¬ 
tions*  This  cell  was  also  wrapped  for  heating  purposes* 

Both  cells  are  fitted  with  sapphire  windows*  Either 
cell  can  be  mounted  on  a  selsyn-driwen  rack  and  pinion  so 


Teflon  gaskets 


Sapphire  windows 


la 


nil 


''////•  >////>  y/////'/#  V/A  0ff 


///////  ^w//'V////'  ///A  //A''  /{A/ 


0.047  cm  monel  spacers 


No.  410  Hoke  fitting 


^1 

:  v//////////^//ii 


■/y#/////////i^| 


///A'  //;Va  <//////'  V//A  V/A" 


y/////////////ii 


/y////iS 

-Jl 


IV////////////. 


Teflon  gaskets  I  Brass  cylinder 


Sapphire  window 


An  Identical  holder  screws  to  other  end  of  cylinder. 


lg«  9<>  The  0.047  cb  cell  (a);  and  the 
window  holder  for  the  10  cm  cell  (b). 
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that  it  can  ba  raised  from  or  lowered  Into  the  infrared 
beam  from  outside  the  spectrometer  tank* 

lY.  CALIBRATION  TECHNIQUE 

As  stated  in  the  section  on  experimental  modifi- 
cationSf  neon  emission  spectra  and  infrared  absorption 
spectra  can  be  recorded  simultaneously  on  a  two-pen  re¬ 
corder.  Figure  10  shows  a  portion  of  the  R  branch  of  HF 
and  the  neon  lines  that  lie  in  the  same  region.  With 
proper  technique,  knowledge  of  the  ware  niusbers  of  the  neon 
lines  permits  calculation  of  the  ware  numbers  of  the  HF 
lines. 

In  order  to  derlse  a  calibration  scheme  the  glower 
was  remored  and  replaced  by  another  neon  emission  source 
(later  called  the  neon  calibrating  source),  and  the  HF 
spectral  region  was  scanned*  Neon  emission  lines  were  re¬ 
corded  by  both  pens*  Comparison  of  identical  neon  lines 
showed  that  the  two  pens  recorded  them  at  slightly  differ¬ 
ent  positions  on  the  chart  paper*  This  difference  was 
appreciably  greater  than  the  amount  by  which  the  two  pens 
were  offset.  This  difference  was  not  constant  over  the 
entire  spectral  range,  but  decreased  slowly  with  increasing 
angle  (decreasing  wave  number).  When  the  central  Images  of 
the  two  neon  beams  were  recorded,  the  two  pens  recorded 
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their  respeetlTe  beams  at  a  separation  greater  than  the 
offset  of  the  pens*  Indeed,  when  the  central  images,  or 
emission  lines,  are  obtained  by  rotating  the  grating  in 
discrete  amounts  rather  than  by  continuous  rotation,  the 
effect  of  pen  offset  is  nullified.  Tet  the  central  images, 
or  lines,  are  still  recorded  at  appreciably  different  posi¬ 
tions. 

This  difference  is  ascribable  to  the  fact  that  light 
from  the  hollov  cathode  neon  source  falls  on  the  entrance 
slit  aboTS  the  light  from  the  glover,  trarerses  the  spec¬ 
trometer  always  off  axis,  and  leaves  the  exit  slit  below 
the  light  from  the  glover.  This  off-axis  condition  is 
necessary  in  order  to  introduce  the  neon  light  into  the 
spectrometer  and  to  eollect  it  later  without  Interfering 
with  the  glover  radiation.  Since  the  neon  light  is  off- 
axis,  the  angle  of  Incidence  and  the  angle  of  diffraction 
for  it  is  different  from  the  similar  angles  for  the  axial 
rays|  thus  the  difference  in  position  shown  by  the  two  pens 
is  to  be  expected. 

The  calibration  problem  can  be  stated  as  follows i 
one  pen  records  neon  emission  lines,  the  wave  numbers  of 
which  are  well  known.  The  other  pen  records  HF  absorption 
lines,  the  wave  numbers  of  which  are  to  be  determined.  At 
a  given  position  of  the  grating  the  wave  numbers  of  the 
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•B«rgl«t  being  recorded  by  the  two  pens  differ  froa  each 
other*  end  this  difference  is  a  function  of  vaTe  nunber* 

The  calibration  problem  was  to  derise  a  method  by  which  the 
known  neon  ware  numbers  on  one  pen  would  gire  ware  numbers 
on  the  other  pen. 

At  first  a  simple  correction  curre  was  found  from  a 
spectral  chart  with  neon  lines  recorded  by  both  pens.  The 
difference  in  ware  ntimber  between  the  positions  as  shown  by 
two  pens  of  any  emission  line  was  plotted  against  the  ware 
number  of  that  line.  In  principle  then*  the  ware  number  of 
the  energy  from  the  glower  falling  on  the  PbS  detector 
while  a  neon  line  was  falling  on  the  photomultiplier  could 
be  found  by  applying  a  correction  from  the  curre.  The  cor¬ 
rection  curre*  howerer*  was  not  linear.  In  addition*  it 
was  found  that  if  a  mirror  was  repositioned*  or  if  either 
neon  source  was  repositioned*  the  curre  would  be  changed. 
The  curre  was*  therefore*  not  usable  because  when  the  neon 
calibrating  source  was  replaced  by  the  glower*  the*  curre 
was  no  longer  applicable. 

These  difficulties  were  arolded  by  taking  into 
account  the  difference  between  the  central  Images  as  re¬ 
corded  by  the  two  pens.  When  the  region  of  the  central 
image  is  scanned  by  rotating  the  grating*  the  angular  sep¬ 
aration  of  the  position  of  the  central  images  as  recorded 
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by  the  tvo  pens  is  found*  Then  Tarloue  neon  lines  are  re¬ 
corded  by  both  pens  in  the  HP  spectral  region*  The  posi¬ 
tions  of  the  lines  recorded  by  light  falling  on  the  photo¬ 
multiplier  are  adjusted  in  accordance  with  the  central 
image  separation*  Specifically^  the  central  image  recorded 
by  the  photomultiplier  always  occurs  at  a  smaller  angle 
than  does  the  central  image  recorded  by  the  Pb8  detector* 
This  angular  difference  is  added  to  the  recorded  angular 
positions  of  the  yarious  neon  emission  lines  from  the 
photomultiplier.  These  adjusted  angular  positions  still 
are  less  than  the  angular  positions  of  the  same  lines  from 
the  PbS*  If  these  new  differences  are  plotted  against  the 
vaye  numbers  of  the  neon  lines |  a  linear  correction  eurye 
results*  Also,  any  change  in  position  of  mirrors  or  sources 
results,  at  most,  in  shifting  this  eurye  up  or  down)  the 
slope  stays  the  same* 

Therefore,  when  any  adjusting  of  the  Instrument  is 
done,  it  suffices  to  find  one  correction,  and  the  whole 
correction  eurye  is  determined.  Also,  when  the  neon  cal¬ 
ibrating  source  is  replaced  by  the  glower,  only  one  correc¬ 
tion  need  be  found. 

The  glower  correction  eurye  is  obtained  by  comparing 
the  neon  lines  with  the  well-known  absorption  lines  of  CO. 
CO  is  chosen  because  its  first  oyertone  lies  in  the  same 
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spectral  region  as  HF,  and  its  lines  hare  been  measured 
▼ery  accurately  by  Rank  Cl5)*  The  ware  numbers  of  the 
neon  lines  were  calculated  from  the  values  listed  by 
Rao  (17). 

By  the  use  of  these  calibration  procedures  one 
accurately  known  wave  number  for  glover  light  Is  found 
for  each  neon  line.  However,  It  was  found  that  the  neon 
lines  are  not  close  enough  together  to  permit  linear  in¬ 
terpolation  between  them.  In  the  HF  region  it  Is  esti¬ 
mated  that  if  linear  Interpolation  Is  used  over  a  range 
of  10  cm“^ ,  an  error  of  about  0.02  cm"^  will  result.  As 
can  be  seen  in  Fig.  10,  the  neon  lines  are  generally  fur¬ 
ther  apart  than  10  cm”^.  Higher  orders  of  neon  light  do 
not  overlap  in  the  HF  region,  so  that  only  the  fourth 
order  of  red  and  yellow  lines  were  available  for  cal¬ 
ibration  purposes. 

The  frequency  of  a  spectral  lino,  v(cm“*').  Is  re¬ 
lated  to  the  grating  constant,  K(cp”^),  and  the  angular 
distance  from  central  image,  6(degrees),  by  the  expression 


V 


K 

slnO 


(1) 


The  wave  numbers  of  the  neon  lines  will  be  assumed  to  have 
been  divided  by  theii-  order  (4)  so  all  wave  nimbers  are 
first  order.  Ordinarily,  one  might  calculate  K  by 
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knowing  v  and  6  aecuratel7*  Theni  knowing  K  and  the 
angular  position  of  some  spectral  line,  6S  its  frequency 
w*  could  be  calculated*  This  procedure  cannot  be  used  with 
this  spectrometer  since  two  grating  drires  are  used*  A 
positioning  drire  is  used  to  turn  the  grating  to  the  spec¬ 
tral  region  of  interest,  and  it  is  not  precise  enough  to 
make  accurate  determinations  of  the  angle  6  * 

The  scanning  drire  is  rerj  accurate  on  this  spec- 
troms-tjer,  and  thus  precise  angular  differences  can  be  meas¬ 
ured*  Two  neon  lines  are  chosen,  and  the  first  is  called 
vi*  The  grating  equation  vt  »  K/sin6  is  written*  The  sec¬ 
ond  neon  line  is  called  and  is  said  to  be  at  an  angle 
0  -f  9*  The  angle  9  can  be  measured  with  high  precision* 
Th.e  grating  equation  for  this  line  can  be  written 
vg  3  K/sin(6'f9).  These  two  equations  can  be  solred  simul¬ 
taneously  for  the  unknowns  K  and  6.  The  ware  number  of 
any  point  lying  between  vi  and  va  can  then  be  found  since 
the  angular  distance  of  the  point  from  6  is  accurately 
known* 

As  a  check  of  the  accuracy  which  results  when  using 
the  grating  equation  in  this  manner,  sereral  sets  of  three 
neon  lines  were  measured*  Two  of  the  lines  were  used  in 
the  abore  way  to  calculate  the  third*  The  measured  value 
and  the  known  value  always  agreed  to  within  ±0*02  cm"’^  * 
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The  factor  limiting  the  precision  of  meaeurements 
seems  to  be  the  reproducibility  of  measurements  of  line 
positions  (the  effect  of  "drift* y  as  discussed  earlier). 

It  is  felt  that  vave  numbers  can  be  measured  with  an  oyer- 
all  precision  of  ±0.02  cm"*".  As  a  chock  of  the  accuracy 
of  measurementSf  and  to  see  if  any  gross  systematic  errors 
existed)  tvelve  first  overtone  CO  lines  were  measured.  The 
positions  of  these  lines  were  all  measured  to  within  ±0.02 
om’~^  of  the  values  measured  by  Hank.  This  CO  band  lies  on 
the  high  wave  number  side  of  HF.  To  check  the  accuracy 
further)  several  lines  of  the  2v8  Vs  6and  of  COgy  which 
lies  on  the  low  wave  number  side  of  HFy  were  measured.  The 
values  measured  agreed  to  within  ±0.02  cm~^  of  the  values 
reported  by  Courtoy  (4)« 

7.  DATA  TAKING  AND  HANDLING 

Determlaatlon  of  Line  Centers 

The  line  centers  of  central  Images  and  spectral 
lines  were  determined  in  the  following  manner.  Measure¬ 
ments  of  angular  positions  are  made  directly  on  the  chart 
paper.  A  number  of  points  are  measured  off  midway  between 
the  sides  of  the  spectral  line.  Points  near  the  top  half 
of  the  spectral  line  are  weighted  the  most.  A  straight 
line  is  then  drawn  through  these  points  perpendicular  to 
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the  edge  of  the  chart  paper*  This  line  determines  the  an¬ 
gular  position  of  the  center  of  the  spectral  line,  or  cen¬ 
tral  Image,  In  question*  Calibration  can  then  be  carried 
out  as  discussed  In  the  preceding  section* 

Deterntnatlon  of  the  Base-Hue  and  t^  lea’Q-Llaa 

After  a  spectral  line  has  been  recorded  by  the  spec¬ 
trometer,  the  base-line  and  the  zero-line  hare  to  be  deter¬ 
mined  before  per  cent  absorption  measurements  can  be  made* 
The  base-line  Is  the  position  on  the  chart  paper  corre¬ 
sponding  to  mere  per  cent  absorption*  The  zero-line  Is  the 
position  on  the  chart  paper  corresponding  to  100  per  cent 
absorption*  The  first  step  In  determining  the  base-line 
and  zero-line  was  to  scan  the  entire  HF  region  with  the 
absorption  cell  sTacuated*  This  scan  determined  the  back¬ 
ground  line*  (All  data  were  recorded  with  the  spectrometer 
tank  eracuated*)  The  background  line  prored  to  be  a  smooth 
curve,  small  portions  of  which  (10  to  15  cn~^)  could  be 
taken  as  a  straight  line* 

For  absorption  lines  that  were  not  overlapped  by 
adjacent  lines  one  determined  the  base-line  by  simply 
drawing  a  straight  line  from  one  wing  to  the  other  of  the 
line  In  question* 

Many  of  the  high  pressure  lines  were  overlapped  by 
adjacent  lines*  In  these  cases  the  background  for  a 


particular  region,  say  the  whole  R  branch,  was  scanned* 
Then,  with  the  saae  Instruaent  settings,  the  sane  region 
would  be  scanned  again  with  the  desired  pressure  of  gas 
In  the  absorption  cell*  Although  these  spectra  were  re¬ 
corded  at  rather  fast  scanning  speeds,  eoaparlson  of  the 
two  would  give  fairly  satisfactory  per  cent  absorption 
data  In  the  regions  between  adjacent  lines  where  absorp¬ 
tion  did  not  wary  rapidly  with  ware  nuaber*  The  regions 
where  absorption  varied  rapidly  with  wave  nxuaber  could  then 
be  scanned  at  slow  speeds  and  the  background  could  be  fixed 
from  the  high  speed  scans* 

As  discussed  In  the  section  on  stray  light,  the  sero- 
llne  could  not  be  determined  simply  by  closing  the  slits* 
For  lines  that  did  absorb  100  per  cent  even  without  cor¬ 
rections  for  instrumental  broadening  the  sero-llne  was  easy 
to  determine*  Absorption  of  100  per  cent  Is  Indicated  by  a 
flat  portion  of  the  spectral  line  that  extends  through  the 
line  center*  An  example  can  be  seen  In  Fig*  11(a)* 

Most  data  taken  In  the  10  cm  cell  did  absorb  100 
per  cent  at  the  line  center*  However,  all  1  cm  pressure 
data  and  some  high  J  5  and  50  cm  pressure  data  did  not 
absorb  100  per  cent  (before  corrections  for  Instrumental 
broadening)*  In  some  Instances  these  weak  lines  could  be 
scanned  at  the  desired  pressure,  and  then  scanned  again 
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at  a  pressura  high  enough  to  make  the  line  absorb  100  per 
cent}  this  latter  scan  would  determine  the  sero-line  for 
the  former  scan.  In  other  instances  it  was  more  conyen<- 
ient  to  scan  a  desired  line  and  theni  at  the  same  instru¬ 
ment  settings »  scan  another  line  that  did  absorb  100  per 
cent}  again,  this  latter  scan  would  determine  the  sero- 
line  for  the  former  scan* 

A  different  method  of  determining  the  sero-line  had 
to  be  used  for  the  data  taken  in  the  0*047  cm  cell*  Since 
the  absorption  coefficient  at  the  line  center  remains 
essentially  constant,  even  the  strongest  HP  lines  would 
absorb  no  more  than  60  or  70  per  cent  at  any  pressure  in 
this  short  cell*  As  long  as  the  instrument  settings 
(glower  current,  amplifier  controls,  etc*)  were  kept  fixed, 
the  sero-line  was  a  straight  line  on  the  chart  paper  for 
the  whole  HP  region*  One  could  therefore  use  the  zero-line 
of  some  other  spectral  lines  to  determine  the  sero-line  for 
the  HP  lines*  In  actual  practice  enough  COg  was  admitted 
to  the  whole  spectrometer  chamber  to  make  several  lines  of 
the  2v8  4-  vg  band  absorb  100  per  cent*  The  sero-line  of 
these  COg  lines  could  be  used  as  the  zero-line  of  the  HP 
lines*  This  COg  band  lies  at  the  low  ware  number  side  of 


the  HP  band. 
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Tests  of  the  reproducibility  of  the  data  indicate 
that  absorption  can  be  measured  to  about  ±1  per  cent  ab¬ 
sorption.  The  error  results  mainly  from  measurements  in 
the  wings,  where  one  invariably  measures  less  absorption 
than  is  actually  present. 

Continuous  Scanning  Versus  Point-by-Foint  Keasur—Bts 

An  examination  was  made  of  two  techniques  for  taking 
data  on  spectral  lines.  One  technique  is  that  of  auto¬ 
matically  scanning  slowly  across  a  line.  The  other  tech¬ 
nique  is  that  of  manually  setting  the  grating  at  specif ie 
wavelengths  and  letting  the  chart  run  for  a  minute  at  each 
setting  in  order  to  determine  the  deflection  accurately. 
Both  methods  should  give  the  same  result  as  long  as  the 
response  of  the  pen  is  fast  enough  for  the  energy  change 
being  recorded. 

Figure  11(a)  is  a  photograph  of  a  portion  of  an 
automatic  scan  of  the  R(2)  line  of  HF  at  a  pressure  of  $  cm 
in  the  10  cm  cell.  Figure  11(b)  is  a  photograph  of  the 
sane  portion  of  a  manual  scan  of  R(2)  under  the  same  con¬ 
ditions.  Readings  were  taken  at  equal  Intervals  of  are 
(0.0028°).  Figure  12  compares  the  two  techniques  by  show¬ 
ing  a  plot  of  per  cent  absorption  as  a  function  of  relative 
grating  angle  for  each  set  of  data.  Smooth  curves  drayn 
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Fig.  11,  Automatic  (a)  and  manual  (b)  scans  of  R(2) 
at  5  cm  pressure. 


Fig.  12,  Per  cent  absorption  Torsus  relative  grating  angle  for 
antoeatle  and  eannal  scans  of  R(2)  at  5  ea  pressure* 
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through  the  two  sets  of  data  would  agree  to  within  about 
1  per  cent  absorption*  The  reproducibility  of  the  scanning 
drive  is  denonstrated  by  the  agreement  of  the  two  methods* 
For  the  automatic  scan  the  grating  was  turned  at  a  speed  of 
one^twelfth  of  a  degree  per  hour,  which  is  the  slowest 
scanning  speed  available. 

Figure  12  shows  that  if  a  spectral  line  is  wide 
enough,  automatic  and  manual  scans  give  the  same  results* 
Automatic  scanning  is  the  most  convenient  method,  and  was 
used  whenever  possible*  In  actual  practice  the  manual  scan 
technique  was  used  to  take  all  10  cm  cell  data  that  ab¬ 
sorbed  less  than  100  per  cent  of  the  incident  light*  These 
data  Included  the  most  narrow  of  the  spectral  lines*  The 
automatic  scan  method  was  used  to  take  all  other  10  cm  cell 
data  and  also  to  take  all  0*047  cm  cell  data* 

Calibration  procedures  can  be  carried  out  using 
either  technique,  but  the  techniques  should  not  be  inter¬ 
mixed.  That  is,  if  the  central  Images  are  recorded  by 
automatic  scan,  then  any  neon,  CO,  or  HF  lines  should  also 
be  recorded  by  automatic  scan.  Different  pen  positions 
with  respect  to  grating  positions  will  be  obtained  from  the 
two  techniques  because  the  overall  response  of  the  two  re¬ 
cording  systems  are  not  the  same.  The  two  techniques  will 
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predict  the  same  wave  number  for  anj  point  in  question  to 
within  em**^. 

Corrections  for  Instrumental  Broadening 

Instrumental  broadening  of  spectral  lines  is  caused 
mainly  by  the  use  of  spectrometer  slits  with  finite  width. 
Imperfect  alignment  and  imperfect  optics  also  contribute 
to  instrumental  broadening.  The  total  effect  on  the  line 
shape  traced  by  the  recording  pen  is  an  increase  in  absorp¬ 
tion  in  the  wings  and  a  decrease  in  absorption  at  the  line 
center^  as  compared  with  the  true  line  shape.  The  effects 
of  Instrumental  broadening  are  shown  in  Fig.  13.  Far  out 
in  the  wings  of  a  line,  where  the  absorption  changes  slowly 
with  frequency,  the  measured  shape  and  the  true  shape  are 
essentially  the  same.  The  quantities  A(v)  and  a(v)  that 
appear  in  Fig.  13  will  be  defined  later. 

The  first  step  in  the  process  of  correcting  for  in¬ 
strumental  broadening  is  to  determine  the  "slit  function." 
This  function  describes  the  line  shape  (normalised  to  unit 
area)  that  is  obtained  when  a  monochromatic  absorption  (or 
emission)  line  is  scanned  by  the  spectrometer.  A  mono¬ 
chromatic  absorption  line  is  impossible  to  obtain,  but  a 
Tery  narrow  absorption  line  is  a  good  substitute.  CO  was 
found  to  be  a  conyenient  source  of  yery  narrow  absorption 
lines. 
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Absorption 


13.  Tr««  and  aaasurad  absorption  eurros* 
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The  natural  width  of  a  CO  line  is  on  the  order  of 
CB~’^  •  Thla  width  is  negligible  compared  to  Doppler 
width  of  a  CO  line,  which  is  about  10”*  cb~^  at  room  tem¬ 
perature.  The  spectrometer  chamber  was  eracuatedf  and  CO 
was  admitted  to  a  pressure  of  0.5  cm.  The  R(6)  line  of  the 
first  overtone  of  CO  was  recorded  with  a  75  micron  physical 
slit  width  and  found  to  have  a  measured  half-width  at  half- 
maximum  of  0.08  cm**^ .  This  line  was  recorded  again  at  a 
pressure  of  1.0  cm  and  found  to  have  essentially  the  sane 
half-width.  Since  the  half-width  did  not  increase  with 
pressure »  pressure  broadening  did  not  contribute  to  the 
line  shape f  and  the  Doppler  half-width  could  be  taken  as 
the  true  half-width.  Since  the  true  half-width  was  appre¬ 
ciably  smaller  than  the  measured  half-width,  this  CO  line 
could  serve  as  a  satisfactory  approximation  to  a  mono¬ 
chromatic  absorption  line.  The  shape  obtained  when  the  CO 
line  was  scanned  by  the  spectrometer  could  be  normalised  to 
unit  area  and  then  be  used  as  the  slit  function. 

Figure  14(a)  is  a  plot  of  absorption  as  a  function 
of  frequency  for  the  R(6)  line  of  CO.  The  line  was  meas¬ 
ured  at  0.5  cm  preesure  with  a  path  length  of  8.5  m  and 
with  a  75  micron  physical  slit  width.  The  curve  has  been 
normalised  to  unit  area,  and  is  called  the  slit  function, 
S(v,  v^).  8(v,  v^)  gives  the  absorption  at  frequency 
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produced  by  a  Bonoobromatle  source  of  frequency 
Vo(cB~^)  and  of  unit  Intensity,  when  the  predominant  con¬ 
tribution  to  broadening  is  instrumental. 

The  width  of  the  slit  function  will  be  a  function  of 
since  the  spectral  slit  width  depends  on  the  frequency 
of  light  that  is  being  scanned  by  the  spectrometer.  In 
fact,  oTer  the  range  of  the  HF  spectrum  the  spectral  slit 
width  resulting  from  a  physical  slit  width  of  75  microns 
would  change  from  0.135  em~^  at  4285  cm~^  to  0.082  cm"^  at 
3700  cm**^.  Howerer,  as  long  as  spectral  lines  sereral 
times  the  width  of  the  slit  function  are  to  be  corrected, 
it  is  felt  that  the  changing  physical  slit  width  will  not 
hare  too  great  an  effect  on  line  widths.  Therefore,  the 
slit  function  will  be  assumed  not  to  rary  with 

It  is  conTenient  to  plot  the  slit  function  in  terms 
of  the  distance  (in  em~^)  from  its  center  frequency  v  -  v*, 
where  r*  is  the  center  frequency.  Vote  that  v*  is  also  the 
frequency  at  which  the  spectrometer  is  set.  Figure  14(b) 
is  a  plot  of  the  slit  function,  S(v  -  v')f  as  a  function  of 
r  -  v*.  The  shape  of  the  slit  function  does  not  depend  on 
v*. 

Vith  reference  to  Fig.  13,  assume  that  the  true  ab¬ 
sorption  curre  is  known.  Let  a(v)  be  the  true  absorption 
in  the  frequency  range  w  to  v  4-  dv  if  measured  with 
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b. 

Flgt  14*  Slit  function  yersus  frcqucncji  v  (&)»  and 
slit  function  yeraus  frequencj  differenc«i 
V  -  V  (b). 
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monochroaatlc  light.  Then  the  measured  absorption  A(v)i 
In  this  frequency  range  will  be  composed  of  contributions 
not  only  from  the  range  v  to  v  dV|  but  also  from  the 
range  of  frequencies  transmitted  by  the  spectrometer  when 
It  is  set  on  frequency  v* 

Qne  can  therefore  write 

A(v)  =  ^  S(v  -  V*)  *(v‘)  dv'  ,  (2) 

where  8(v  >  v')  Is  the  value  of  the  silt  function  at  v 
when  Its  center  Is  at  v*>  aud  a(v')  Is  the  true  average  ab¬ 
sorption  In  the  range  v'  to  v*  ■(>  dv'.  Note  that  In  actual 
practice  A(v)  and  S(v  -  v')  are  known  and  a(v')  Is  unknown. 
The  limits  of  Integration  have  been  written  as  to  -f  «  . 

However f  since  the  measured  and  true  absorption  curves 
agree  In  the  wings  of  a  spectral  line,  where  absorption 
changes  slowly  with  v,  the  correction  procedure  never  had 
to  be  carried  out  to  further  than  about  3  cm~^  from  the 
line  center.  On  very  wide  spectral  lines  absorption 
changed  so  slowly  with  frequency  that  the  measured  and  true 
absorption  curves  agreed  over  the  whole  line  shape,  and  no 
correction  for  instrumental  broadening  was  needed. 

The  solving  of  Equation  (2)  requires  an  electronic 
computer.  The  computers  available  at  the  University  of 
Tennessee  cannot  handle  numerical  integration,  so  It  was 
necessary  to  replace  the  continuous  frequency  variable  by 
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a  nuBber  of  discrete  frequency  steps  jjL  (for  narrow  spec¬ 
tral  lines  one  took  ^  =  0.02  cm**^ ,  and  for  wide  spectral 
lines  one  took  ^  s  0*05  cia~^)«  Equation  (2)  goes  over  to 
the  sum 

«0 

^  -  ''n) 

or,  in  a  more  concise  notation 

00 

^  S  •  (*> 

This  last  equation  can  be  written  In  matrix  form  as 

(*.)  =  <S«n>(»n)-  <5) 

The  matrlciss  and  (Aq)  are  column  matrices  whose 

elements  are  the  arerage  per  cent  absorptions  In  succes- 
slre  Interwals  of  ti  along  the  measured  and  true  spec¬ 
tral  lines,  respectively.  •  matrix  constructed 

from  the  slit  function  elements.  The  method  of  construc¬ 
ting  the  slit  function  matrix  Is  shown  in  Appendix  A. 

The  first  attempt  at  the  calculation  of  (a^)  used  a 
method  developed  by  Deeds  (5)*  This  method  was  an  exact 
method  and  involved  the  calculation  of  the  Inverse  of  the 
slit  function  matrix,  since  solution  of  Equation 

(5)  gives 

(«n)  =  ^®mn^”^  ^^m^  • 


(6) 
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Line  shapes  calculated  In  this  manner  oscillated  wildly 
about  a  line  shape  that  may  have  been  close  to  the  true 
line  shape.  It  Is  felt  that  these  oscillations  were  caused 
by  errors  made  In  measuring  the  wings  of  the  silt  function. 
One  may  be  able  to  measure  absorption  to  within  tO.5  per 
cent  with  very  careful  measurements.  Howerer,  In  the  wings 
of  the  silt  function  where  at  some  point  the  CO  would  be 
absorbing  as  little  as  0.5  per  cent,  It  would  be  fairly 
easy  to  have  100  per  cent  error.  Wing  errors  are  caused 
by  uncertainty  In  the  location  of  the  base-line.  These 
errors  become  quite  significant  In  the  calculation  of  the 
elements  of  the  Inverse  of  the  silt  function  matrix. 

It  was  therefore  decided  to  try  an  approximation 
method  similar  to  that  developed  by  D.  E.  Smith, 

V.  Anderson,  and  0.  Kulpers  and  used  In  the  work  of  Kulpers 
(12).  First  the  measured  line  shape,  (A^^),  was  multiplied 
by  the  silt  function,  (Sj^)  to  give  the  curve 

This  curve  was  subtracted  from  the  measured  curve,  and  the 
difference  was  added  to  the  measured  curve.  This  operation 
gave  the  curve 


(8) 
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which  Is  a  first  approximation  to  the  true  eurye>  (a^)* 

This  first  approximation  is  then  multiplied  by  the  slit 
function  to  give  the  curve 

The  difference  and  sum  operation  is  performed  again  to  give 

+  [(V  -  (10) 

This  curve,  (a^  '  ),  is  a  second  approximation  to  (a.)* 

The  whole  operation  is  performed  once  more  to  give 

(11) 

and 

(.<^’  )  =  («‘^’  )  ♦  [(O  -  )].  (12) 

IB  mm  B 

/ON 

The  curve  (a^  is  a  third  approximation  to  the  true 

curve,  (ajj^). 

These  calculations  were  carried  out  for  each  meas¬ 
ured  line  shape  by  an  IBM  1620  computer.  After  each  ap¬ 
proximation  was  obtained,  the  computer  multiplied  it  by  the 
slit  function  and  compared  the  result  with  the  measured 

curve.  For  instance,  (S_^)(a''^'  )  is  compared  with  (A_). 

ibh  n  B 

The  closer  an  approximation  is  to  the  true  curve,  the 
closer  the  approximation  multiplied  by  the  slit  function 
will  be  to  the  measured  curve.  In  all  cases  the  third 
approximation  proved  to  be  the  best.  Vhen  the  slit  function 
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was  multiplied  into  higher  approximations y  the  results  grew 
furthsr  away  from  the  measured  curve.  Very  vide  lines  vsre 
found  to  need  no  correction  for  instrumental  broadening. 

The  correction  method  did  not  give  acceptable  results  when 
applied  to  spectral  lines  that  were  narrower  than  lines 
about  five  times  as  vide  as  the  slit  function. 

The  relative  shapes  of  some  of  the  curves  used  in 
the  approximation  method  are  shown  in  Fig.  15*  Ths  true 
eurvsi  ths  experimental  curve,  and  the  experimental  curve 
multiplied  by  the  slit  function  are  shown. 

Ths  measured  data  were  "smoothed*  before  being  mul¬ 
tiplied  by  the  slit  function,  and  each  approximation  was 
also  smoothed.  In  the  smoothing  process  five  consecutive 
pclnts  on  a  line  were  fitted  to  a  parabola.  The  center 
pcint,  in  Fig.  16,  was  then  moved  so  that  it  would 

lie  on  the  parabola.  This  process  was  carried  out  for 
each  point  on  the  line. 


Absorption 


5 


Absorption 


Fig.  16*  Method  of  smoothing  spectral  lines* 


CHAPTER  III 


RESULTS  AND  TREATMENT  OF  DATA 

I.  LINE  POSITIONS 

Praauanelea  of  the  Fundamental  and  First  Orertone  Lines 

The  center  frequencies  of  eleven  HF  absorption  lines 
of  the  fundamental  were  measured  In  the  R  branch  and  six 
were  measured  In  the  P  branch  at  1  cm  pressure  In  the  10  cm 
cell.  Because  of  the  decrease  In  signal  to  noise  ratio  to¬ 
wards  low  wave  numbers,  P(7,  8,  and  9)  were  measured  at  5 
cm  pressure  and  P(10)  was  measured  at  50  cm  pressure.  Eaeh 
line  center  was  measured  three  times,  and  agreement  on  sep¬ 
arate  measurements  was  within  about  t0.02  cm"^ • 

A  rotational  analysis  of  the  line  centers  was  car¬ 
ried  out  using  the  method  of  Hersberg  (10)  and  following 
the  same  notation  as  used  by  Mann  and  his  coworkers  (14)* 
The  wave  numbers  of  the  Individual  rotational  lines  may  be 
expressed  as 

N 

'  lb 

where  m  =  J+1  for  the  R  branch,  and  m  =  -J  for  the  P 
branch.  The  coefficients,  Cj^,  will  be  discussed  In  the 
following  section.  A  least  squares  fit  of  the  observed 
wave  numbers  to  Equation  (13)  was  carried  out  on  an  IBM 
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1620  computer*  Several  valuee  of  H  were  tried,  and  it 
vae  found  that  a  polynomial  of  degree  N  =  7  gave  the  beet 
fit*  Table  I  lists  the  observed  and  calculated  line  cen¬ 
ters  for  the  HF  fundamental. 

The  line  centers  for  the  first  overtone  were  meas¬ 
ured  at  10  cm  pressure  in  the  10  cm  cell.  Gratings  with 
15,240  and  7,620  lines  per  inch  were  each  used  in  second 
order,  and  the  two  determinations  agreed  to  within  ±0*02 
cm"^.  The  rotational  analysis  showed  that  a  polynomial  of 
degree  N  =  5  gave  the  best  fit.  The  results  are  given  in 
Table  II. 


apeetroBconic  Constants 

The  Cj^  of  Equation  (13)  are  defined  in  terms  of  the 
usual  spectroscopic  constants  (up  to  order  7)  in  the  fol¬ 
lowing  way  (the  order  of  magnitude  of  each  constant  is 
given  in  cm”^)» 


Cl  =  (B'+B»)  40 
Cg  =  (B'-B")  -  (D'-D")  1 
Cg  =  -2(D'+D*)  +  (H»+H")  10-8 
C4  =  -(D'-D")  +  3(H'-H")  10“® 
cs  =  3(H'+H")  +  8To4  10-’ 
Ce  =  (H'-H")  10-8 
C7  =  8To4  10-“ 
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TABLE  I 

OBSERVED  AND  CALCULATED  LINE  CENTERS 
FOR  THE  HF  FUNDAMENTAL 


Spectral 

Line 

Obeerved 

(cm-M 

Calculated 
( cm-^ ) 

Obe.-Calc. 

(cm-^) 

R(10) 

4301.45 

4301.45 

0.00 

R(9) 

4279.94 

4279.94 

0.00 

R(8) 

4256.33 

4256.34 

-0.01 

R(7) 

4230.78 

4230.77 

+0.01 

R(6) 

4203.31 

4203.30 

+0.01 

R(5) 

4173.99 

4173.98 

+0.01 

R(4) 

4142.85 

4142.85 

0.00 

R(3) 

4109.95 

4109.95 

0.00 

R(2) 

4075.29 

4075.31 

-0.02 

R(l) 

4038.96 

4038.98 

-0.02 

R(0) 

4001.02 

4001.00 

+0.02 

P(l) 

3920.33 

3920.32 

+0.01 

P(2) 

3877.72 

3877.71 

+0.01 

P(3) 

3833.68 

3833.67 

+0.01 

P(4) 

3788.21 

3788.24 

-0.03 

P(5) 

3741.48 

3741.47 

+0.01 

P(6) 

3693.42 

3693.41 

+0.01 

P(7) 

3644.09 

3644.11 

-0.02 

P(8) 

3593.67 

3593.65 

+0.02 

P(9) 

3542.13 

3542.14 

-0.01 

P(10) 

3489.76 

3489.75 

+0.01 
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TABLE  II 

OBSERVED  AND  CALCULATED  LINE  CENTERS 
FOR  THE  HF  FIRST  OVERTONE 


Spectral 

Line 

Observed 
( cm"^ ) 

Calculated 
(cm-^ ) 

Obs.-Calc. 

(cm-i) 

R(8) 

7978.37 

7978.37 

0.00 

R(7> 

7966,23 

7966.21 

+0.02 

R(6) 

7950.70 

7950.69 

+0.01 

R(5) 

7931.82 

7971,84 

-0.02 

R(4) 

7909.67 

7909.69 

-0.02 

R(3) 

7884.28 

7884.28 

0.00 

R(2) 

7855.65 

7855.65 

0.00 

R(l) 

7823.84 

7823.84 

0.00 

R(0) 

7788.90 

7788.88 

+0.02 

P(l) 

7709.73 

7709.73 

0.00 

P(2) 

7665.64 

7665.62 

+0,02 

P(3) 

7618.55 

7618.57 

-0.02 

P(4) 

7568.62 

7568.62 

0.00 

P(5) 

7515.85 

7515.85 

0.00 

P(6) 

7460.30 

7460.30 

0.00 

P(7) 

7402.05 

7402.06 

-0.01 

P(8) 

7341.22 

7341.20 

+0.02 
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The  constant  Is  one  of  the  Dunhan  (6)  constants*  Since 
only  twenty-three  spectral  lines  could  be  measured  for  line 
centers  in  the  fundamental  in  the  10  cm  cellf  only  the  con¬ 
stants  up  to  og  could  be  meaningfully  determined*  Eren 
though  obserred  and  calculated  line  centers  agreed  quite 
welly  the  smaller  constants  were  as  much  as  sereral  orders 
of  magnitude  in  error y  and  some  had  tlie  wrong  sign* 

In  the  work  of  Mann  (14)  twenty-three  rotational 
bands  were  analysed  in  emission)  and  many  more  lines  in 
each  band  could  be  measured  than  in  the  present  work*  Mann 
was  able  to  obtain  good  values  of  cb  nnd  oe  for  many  bands* 
His  values  of  B„y  D_y  and  H_  were  then  obtained  from  the 
averages  of  values  calculated  from  individual  bands*  Table 
III  lists  the  meaningful  values  of  the  Cj^  obtained  for  the 
fundamental  and  first  overtone  in  this  present  work* 

Since  is  much  less  than  D^y  the  equations  for  o^ 
and  04  could  be  used  to  calculate  D'  and  D”*  Then  B'  and 
B”  could  be  obtained  from  the  equations  for  ci  and  Cg . 

Table  IV  lists  the  values  obtained  for  v^y  B„y  and  D.  in 
this  present  work  along  with  Mann's  values*  The  symbols 
(0-1)  and  (0-2)  stand  for  the  fundamental  and  first  over¬ 
tone  transitions)  respectively.  The  values  of  B^  meas¬ 
ured  in  this  present  work  agree  quite  well  with  Mann's 
values.  Mann's  values  for  are  probably  more  accurate 
than  those  of  this  work  since  more  lines  were  measured  in 
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TABLE  III 

COEFFICIENTS  OF  ROTATIONAL  ANALYSIS 
FOR  THE  FUNDAMENTAL  AND 
FIRST  OVERTONS 
OF  HF 


——————  '  j   ■ 

Fundanantal 

First  OTsrtons 

Constant 

(cm-M 

(0.-‘) 

Co 

3961.43 

7750.83 

Ci 

40.3512 

39.5857 

c# 

-0.7707 

-1.5257 

0$ 

-8.873  X  10-* 

-8.001  X  10-® 

C4 

3.74  X  10-®* 

0.1270  X  10-* 

Sfann's  ralu* 
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TABLE  IV 

CALCULATED  VALUES  OF 

Vq*  b^,  and  D^ 

FOR  HF 


Constant 

Transition 

Prassnt  Work 

Mann,  et  al 
(ca-^) 

(0-1) 

3961.43 

3961.60 

% 

(0-2) 

7750.83 

7750.98 

(0-1) 

20.5609 

20.5590* 

®o 

(0-2) 

20.5557 

(0-1) 

19.7902 

19.7883 

Ba 

(0-2) 

19.0300 

19.0355 

®o 

(0-1) 

.002243 

.002120' 

Do 

(0-2) 

.002064 

Dl 

(0-1) 

.002193 

.002064 

Bt 

(0-2) 

0.001937 

0.002010 

^iTeragtd  from  (O-l)  and  (0-2)  transitions. 
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each  band.  For  the  reasons  discussed  In  the  section  on 
calibration  procedures »  it  is  felt  that  the  band  centers 
obtained  in  this  present  work  are  accurate  to  at  least 
±0.02 

Calculated  values  of  the  band  centers  for  the  (O-l) 
and  (0«2)  transitions  obtained  in  this  present  work  are 
soaevhat  different  from  Mann's  values.  Among  the  manj 
transitions  reported  b7  Mann  is  the  set  (5-0) »  (5-l)>  end 
(5-2).  It  was  noted  that  when  the  (0-1)  and  (0-2)  fre¬ 
quencies  of  this  present  work  were  added  to  Mann's  (5-1) 
and  (5-2)  frequencies,  respectively,  the  sums  were  exactly 
equal  to  Mann's  (5-0)  frequency.  Such  agreement  did  not 
exist  if  Mann's  (l-O)  and  (2-0)  frequencies  were  usfd. 
Similar  results  were  observed  for  similar  sets  of  transi¬ 
tions. 

It  appeared,  therefore,  that  a  more  consistent  set 
of  vibrational  term  values  might  be  obtained  by  using  the 
(O-l)  and  (0-2)  band  centers  of  this  present  work  rather 
than  Mann's  (1-0)  and  (2-0)  band  centers,  along  with  Mann's 
band  centers  for  the  higher  overtones.  The  vibrational 
term  values,  1^,  can  be  expressed  in  terms  of  the  Dunham 
coefficients,  the  vibrational  quantum  number,  v, 

by  the  expression  developed  by  Dunham  (6)t 


S 


V 


^  ’'ko  ♦  i’" 


(U) 
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Nin«  band  eenters  were  fit  to  thia  expression  (k 
ranged  from  0  to  6)  by  a  least  squares^  double  precision 
routine  on  an  IBM  7090  computer.*  The  observed  and  calcu¬ 
lated  band  centers  are  listed  in  Table  V*  The  various 
transitions  which  were  used  to  calculate  each  overtone  band 
center  are  also  listed.  The  (O-l)  and  (0-2)  band  centers 
are  those  of  this  present  work.  The  (3-0)  and  (4-0)  band 
centers  are  the  averages  of  Mann's  and  Kirkpatrick's  (13) 
values.  Mann's  values  are  used  for  all  other  band  centers. 
Bach  band  center  was  weighted  according  to  an  estimation  of 
its  accuracy.  The  molecular  constants  that  could  be  ob¬ 
tained  are  listed  in  Table  71. 

itiM  ctBtti.  ahuti 

Vlthln  experimental  error,  the  line  centers  measured 
at  5  and  50  cm  pressure  were  the  same  as  those  measured  at 
1  cm  pressure.  Line  centers  measured  at  1  atm  pressure 
showed  slight  shifts  from  the  1  cm  pressure  line  centers, 
but  the  shifts  were  the  same  order  of  magnitude  as  experi¬ 
mental  error.  Line  centers  measured  at  5  pressure 
differed  from  theme  measured  at  1  cm  by  as  much  as  tenths 
of  wave  numbers.  Table  VII  lists  the  line  centers  measured 


"Private  communication  from  H.  M.  Gailar.  A  more 
complete  analysis  is  to  be  carried  out,  and  the  results 
will  be  published  at  a  later  date. 
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TABLE  Y 

OBSERVED  AND  CALCULATED 
BAND  CENTERS 
FOR  RF 


v^(Obs.) 

V  (em"^) 

Transitions  used  in 

oaloulatlon  of  v. 

0 

Height  v^(Calc*) 
Factor  (om”*^) 

1 

3961,43* 

(0-1) 

6 

3961.43 

2 

7750. S3* 

(0-2) 

5 

7750.83 

3 

11372.92'^ 

(3-0) 

4 

11372.91 

4 

14831.75^ 

(4-0),  (4-1)+ (0-1) 

3 

14831.78 

5 

18131.10° 

(5-0),  (5-l)+(0-l), 

4 

18131.08 

(5-2)+(0-2) 

6 

21273.86° 

(6-l)+(0-l), 

(6-2)+ (0-2) 

4 

21273.86 

7 

24262,43° 

(7-2)+<0-2), 

(7-3)+ (3-0) 

4 

24262.43 

S 

27098.23° 

(8-3)+(3-0), 

(8-4)+(4-0) 

3 

27098.23 

9 

29781.69° 

(9-4)+ (4-0) 

1.5 

29781.69 

^Valust  Bsasurad  in  thia  present  work. 
^Average  of  Mann's  and  Kirkpatrick's  values* 
^Values  measured  by  Mann. 


SOME 


Constant 

Zsro  point  energy 

*“e 

»e 

Ixo  (Dunhan  Const.) 
T20  (Dunham  Const.) 
Tao  (Dunham  Const.) 
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TABLE  VI 

JLAR  C0H8TANTS  OF  HF 


Present  Values 
( cm“* ) 

Mann's  Values 
(cm”^) 

2046,24 

2046.97 

4137.89 

4139.04 

20.9562 

20.9560 

4137.46 

4138.73 

-89.42 

-90.05 

0.796 

0.932 

TABLI  71 I 


H 


LIIB  CIITB&S  AID  LIIE  SHIFTS 
NIASDRED  AT  1  AID  5 
ATM  PRESSURE 


Spectral 

Line 

1  I^m 

5  a^m 
(cm-^-) 

Shift! 

5  atm 
vrt  1  om 

Shift! 

5  at* 
vrt  1  atm 
(cm-*>) 

S(12) 

-0.03* 

R(ll) 

-0.03* 

R(10) 

-0.05* 

R(9) 

-0.06* 

B(H) 

4256.30 

4256.23 

-0*10 

-0.07 

R(7) 

4230.74 

4230.68 

-0.10 

-0.06 

R(6) 

4203.29 

4203.14 

-0.14 

-0.12 

R(5) 

4173.97 

4173.88 

-0.10 

-0.08 

R(4) 

4142.83 

4142.70 

-0.14 

-0.12 

R(3) 

4109.91 

4109.82 

-0.13 

-0.09 

R(2) 

4075.28 

4075.29 

+0.01 

♦0.01 

R(l) 

4039.00 

4039.01 

+0.04 

♦0.01 

R(0) 

4001.05 

4001.17 

♦0.13 

♦0.12 

P(l) 

3920.30 

3920.22 

-0.11 

-0.08 

H2> 

3877.76 

3877.78 

+0.06 

♦0.02 

P(3) 

3833.72 

3833.73 

♦0.05 

♦0.01 

P(4) 

3788.22 

3788.21 

-0.01 

-0.01 

P(5) 

3741.48 

3741.49 

♦0.01 

♦0.01 

PC6) 

3693.37 

3693.44 

♦0.01 

♦0.07 

P(7) 

3644.13 

36U.19 

♦0.06 

♦0.02 

P(«) 

3593.69 

3593.74 

♦0.07 

♦0.05 

^h«se  Talues  were  measured  in  the  10  cm  eell|  all 
others  were  measured  In  the  0*047  cm  cell* 
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at  1  and  5  atm  preaaureo  lach  value  Is  the  average  of  at 
least  two  measurements*  The  shifts  of  the  5  atm  pressure 
line  centers  vlth  respect  to  the  1  cm  and  1  atm  pressure 
line  centers  are  also  listed* 

Lines  R(2)  and  R(6)  were  measured  for  line  centers 
at  4»  3»  and  2  atm  pressure «  in  addition  to  5  and  1  atm 
pressure.  Line  center  shifts  are  plotted  as  functions  of 
pressure  for  these  lines  in  Pig*  17*  It  is  seen  that  the 
shifts  are  proportional  to  pressure  to  within  ±0*02  cm**^  * 
Spectral  line  shifts  similar  to  those  observed  in 
HP  have  been  observed  in  HCl  b^  Jaffe  and  his  covorkers 
(11)*  Their  datap  plotted  in  terms  of  line  shift  per  unit 
pressurep  are  shown  in  Pig*  18*  The  line  shifts  observed 
in  HP  in  this  present  work  were  divided  by  the  pressure 
changes  Involved  (5  and  4  atm)  and  the  results  averaged  for 
each  line*  The  results  are  plotted  in  terms  of  line  shift 
per  unit  pressure  in  Pig*  19*  The  curve  Joining  the  points 
allows  for  an  error  of  ±0*02  cm~^  in  any  measurement*  The 
curve  connecting  Jaffe' s  data  is  as  drawn  by  him* 

The  shifts  discussed  above  are  self-lnducedp  both 
for  HP  and  HCl*  Recently  Jaffe  and  his  coworkers  (3)  have 
reported  on  HCl  shifts  caused  by  the  presence  of  the  noble 
gases*  Argon  and  neon  caused  shifts  in  HCl  that  exhibit 
somewhat  the  same  J  dependence  as  the  self-induced  HP 
shifts*  Krypton  and  xenon  caused  shifts  in  HCl  that 


shift  (cm*^) 


Fig.  17.  Measured  line  shifts 


r  R(6)  and  R(2). 


2.0 


i 


(©)  =  HC135 
(•  =  HCi37 


Fig*  18.  Lin«  e«nt«r  shift  per  unit  pressure  in  RCl 


P  branch 


Flf.  19*  Lina  oantar  shift  par  unit  praastora  In  Hf 
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Increased  with  J  number  in  both  the  R  and  P  branches e 
At  present  there  Is  no  theory  that  accounts  for  the  J  de- 
pend.enee  of  line  shifts^*  Hoveverf  Jaffe  points  out  that 
the  foreign  gas  Induced  shifts  have  some  dependence  on  the 
polarlmabillty  of  the  foreign  gas*  The  polarizability  of 
HF  Is  quite  close  to  that  of  argon  and  neon.  Thus  the  re¬ 
action  between  the  permanent  dipole  moment  of  one  molecule 
and  the  Induced  dipole  moment  of  another  molecule  may  well 
have  some  effect  on  line  shifts. 

II.  LINE  SHAPES 


Qeneral  Treatment 

In  his  treatment  of  the  high  pressure  (about  5  atm 
pressure)  HF  absorption  lines  measured  by  Kulpers  (12) ^ 

D*  F*  Smith  (is)  found  that  the  data  could  be  fitted  by  a 


modified  form  of  the  Lorentz  expression.  The  well-known 
Lorentz  expression  for  the  shape  of  a  spectral  line  can  be 

expressed  as 


_ ao(^v)* _ 

(v  -  +  (aw)* 


(15) 


*PrlTate  communication  from  DeForest  Smith,  after 
his  attendance  at  the  Symposium  on  Line  Shapes,  Rehowoth, 
Israel,  August,  1961* 
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with  the  exponent  n  =  2*  The  quantlt7  a  is  the  absorp¬ 
tion  coefficient  (in  cm~^)  at  frequency  v  (in  ca~^)*  The 
quantity  is  the  mazlaum  value  of  the  absorption  coeffi¬ 
cient  and  is  measured  at  the  line  center »  v^*  The  quantity 
Av  is  the  "Lorents  half-vidth”  of  the  line  and  is  equal  to 
V  -  measured  where  a  ^  ^  absorption  coeffi¬ 

cient  at  a  particular  frequency  is  related  to  the  per  cent 
transmission,  T,  at  that  frequency  by  the  expression 

T  =  ,  (16) 

where  L  is  the  path  length  (in  cm)  in  the  absorbing  gas* 
Smith  found  that  n  =  1.8  gave  a  satisfactory  fit  of  the 
Kulpers  data  at  distances  greater  than  several  wave  num¬ 
bers  from  the  line  center*  The  methods  of  Smith  were  used 
in  the  analysis  of  the  data  of  this  present  work  in  order 
to  determine  Av  and  n* 

In  the  following  sections  n  will  be  referred  to  as 
the  "Lorents  exponent."  Another  half-width  measurement 
that  will  be  used  is  called  the  "half-absorption  half¬ 
width"  and  will  be  represented  by  the  symbol  6v.  The 
half-absorption  half-width  is  the  value  of  |v  -  meas¬ 
ured  at  one-half  the  maximum  per  cent  absorption  of  the 
line  in  question* 

The  original  data,  as  measured  by  the  author,  are 
presented  as  per  cent  absorption  versus  wave  number  in  an 
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earlier  report  by  Nleleeii)  et  al  (5)»  The  flret  step  in 
the  treatment  of  these  data  was  to  correct  the  absorption 
lines  for  the  effects  of  Instrumental  broadening^  as  dis¬ 
cussed  in  the  section  on  data  taking  and  handling*  Then 
a  was  calculated  from  Equation  (16),  with  the  aid  of  an 
IBM  1620  computer,  for  convenient  values  of  v. 

A  correction  then  had  to  be  made  to  the  50  cm  and  5 
atm  pressure  lines  for  the  effects  of  overlapping  by  neigh¬ 
boring  lines*  For  example,  at  the  center  of  R(2)  at  5  etm 
pressure  the  absorption  would  be  mainly  from  R(2)  Itself, 
but  there  would  also  be  measurable  contributions  from 
R(0,  1,  3,  U,  and  5)  and  P(l,  2,  and  3)*  Following  Smith, 
the  absorption  due  to  neighboring  lines  at  frequency  v 
was  calculated  from  the  expression 

«o, 

2  «■  =  2 - -  .  (17) 

1  1  (v  -  V  ♦  (av.)» 

°i  ^ 


The  quantities  a.  and  ^y.  were  estimated  for  the  1^^  line 

°i  ^ 

from  the  1  atm  data*  The  sum  was  computed  for  all  lines 
that  had  an  appreciable  at  v  except  the  one  In  ques¬ 
tion*  Usually  the  sum  was  calculated  at  three  points  for 

a  particular  linei  at  v  =  and  v  =  ±10  cm“^ .  A 

o  o 

smooth  curve  drawn  through  the  three  points  gave  an  a 
correction  curve  for  all  frequencies  across  the  one  line 
In  question*  A  value  of  a  obtained  from  the  correction 
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curve  at  a  particular  frequency  could  be  subtracted  from 
the  observed  a  nt  that  frequency  to  obtain  the  true  value 
of  a  for  the  line  In  question  at  that  frequency. 

After  all  lines  were  corrected  for  overlap  from 
other  llneSf  the  data  were  ready  to  be  submitted  to  Smith's 
treatment.  Equation  (15)  can  be  rearranged  to  give 


a 


a. 


a 


a 


(V  ■  Vq)” 

(/IV  )* 


(18) 


From  this  equation  two  other  useful  equations  can  be  ob¬ 
tained! 


«o  "  « 


1/n 


=  (Av) 


-2/n 


V  -  (Av) 


-2/n 


Vq  I  (19) 


and 


Log 


=  n  Log 


V  -  V, 


-  2  Log  (av) 


(20) 


Both  equations  are  of  the  form 

y=mx+b»  (21) 

and  therefore  graphs  of  Equations  (19)  end  (20)  should 
yield  straight  lines.  For  Equation  (19)  one  plots 


as 

a 


a  function  of  v.  The  term  ' 
sign  factor  to  make  the  curve 


V  -  V. 


Is  Introduced  as 


continuous  rather  than  *V* 
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shaped.  If  n  Is  estimated  properly,  the  graph  of 
Equation  (19)  will  be  a  straight  line*  Actually,  n  was 
assumed  to  be  either  2  or  1*8  In  order  to  graph  Equation 
(19)*  This  graph  Is  used  to  determine  the  line  center  and 
not  to  determine  n*  Vhere  the  curve  crosses  the  frequency 
axis*  V  =  This  Intercept  determines  the  line  center. 

As  an  ezamplsi  Fig.  20  shows  the  graph  of  Equation  (19)  for 
R(l)  at  1  atm  pressure. 

On  narrow  spectral  lines  calibration  was  carried  out 
at  the  same  time  that  Intensity  measurements  were  made.  In 
these  cases  the  value  of  obtained  from  a  graph  of  Equa¬ 
tion  (19)  agreed  with  the  value  measured  directly  from  the 
recorder  chart.  On  wide  lines  calibration  was  carried  out 
separately  from  Intensity  measurements)  and  In  this  case 
Equation  (19)  gave  a  value  of  relative  to  other  values 
of  V  for  a  line,  but  not  an  absolute  value. 

The  value  of  obtained  from  the  graph  of  Equation 

Oq  ”  a 

(19)  was  then  used  In  Equation  (20),  where  Log  ~ * .  Is 

ct 

plotted  as  a  function  of  Log  |v  -  v^j  •  This  plot  should 
give  a  straight  line  with  slope  n.  The  Lorents  half-width, 
Av ,  can  be  calculated  from  the  Intercept  where  Log  jv  - 
=  0.  This  Intercept  Is  equal  to  -  2  Log  (Av).  Figure  21 
shows  the  graph  of  Equation  (20)  for  R(l)  at  1  atm  pressuare. 
Graphs  of  Equations  (19)  and  (20)  were  made  for  all  spec¬ 
tral  lines. 
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Fig.  21 •  Log 


a 


a 


1  atm  proasuro 


Torous  Log  V  -  Vq  for  R(l)  at 
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Since  the  1|  5>  a.Qd  50  cm  pressure  lines  all  absorb 
100  per  cent  at  their  line  centers  (for  the  10  cm  cell)y 
could  not  be  determined  from  their  curves.  However.  is 
constant  for  lines  of  the  same  J  value  (at  constant  tem¬ 
perature)  as  long  as  pressure  broadening  is  the  main  cause 
of  the  line  broadening.  Thus  the  values  of  measured  at 
1  atm  pressure  could  be  used  for  corresponding  lines  at 
lover  pressures. 

As  more  and  more  lines  were  subjected  to  anal/slsy 
a  pattern  began  to  emerge.  Most  of  the  data  for  each  spec¬ 
tral  line  yielded  straight  lines  when  plotted  with  Equa¬ 
tions  (19)  and  (20).  Data  from  portions  of  a  spectral  line 
where  absorption  was  less  than  10  per  cent  usually  curved 
away  from  a  straight  line,  and  data  from  very  close  to  the 
line  center  usually  scattered^  both  for  reasons  discussed 
below.  Absorption  due  to  was  observed  in  the  50  cm 

and  5  atm  pressure  spectra^  and  the  lines  P(l>  2,  3,  and  4) 
had  to  be  treated  separately  at  these  pressures.  The 
method  used  to  correct  for  instrumental  broadening  appeared 
to  break  down  when  applied  to  the  narrowest  spectral  lines. 

The  discussion  of  line  shapes  will  now  be  divided 
into  four-  partsi  the  central  portion  of  lines,  where  ab¬ 
sorption  is  greater  than  10  per  cent;  the  line  wings;  the 
dimer  region;  and  the  lines  that  were  too  narrow  to  be  cor¬ 
rected  for  the  effects  of  Instrumental  broadening. 
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Central  Portions  of  Spectral  Lines 

Ae  diaeusaed  In  the  aection  on  data  taking,  it  vaa 
felt  that  one  could  meaaure  abaorptlon  with  an  accuracy  of 
±1  per  cent  abaorptlon.  Thla  overall  accuracy  means  that 
In  the  wings  the  per  cent  error  In  a  measurement  could  be¬ 
come  quite  large.  For  example,  the  true  absorption  might 

be  2  per  cent  and  one  might  measure  1  per  cent.  As  a  re- 

«o  "  “ 

suit,  the  quantity  ~  can  be  rather  Inaccurate  In  the 

wings*  In  actual  practice  Equations  (19)  and  (20)  were  not 
applied  to  data  of  less  than  10  per  cent  absorption  for  the 


narrower  lines,  nor  to  data  with 


V  -  V. 


greater  than  10 


“o  ”  ® 

c»”^  for  the  wider  lines.  The  quantity  —  also  becomes 
Inaccurate  as  a  approaches  so  that  data  close  to  the 
line  center  (within  about  10  per  cent  of  the  maximum  per 
cent  absorption)  could  not  be  used  with  Equations  (19)  and 
(20). 

The  data  which  were  used  with  Equations  (19)  and 
(20)  are  presented  In  Appendix  B*  In  addition  to  drawing 
curves  for  Equations  (19)  and  (20),  the  data  were  also 
fitted  to  Equation  (20)  by  an  IBM  1620  computer.  The  com¬ 
puter  calculated  the  slope  of  the  curve  (the  Lorentz  ex¬ 


ponent  n)  and  the  Intercept  where  Log  v  -  v 


=  0 


(-2  LogAv)*  The  results  of  the  calculations  are  listed 
In  Table  VIII.  If  no  values  are  given  for  a  spectral  line 
at  a  particular  pressure.  It  Is  because  the  lines  were 
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TABLE  VIII 

VALUES  OF  LORENTZ  EXPONENT  AND  HALF-WIDTH 
CALCULATED  BY  IBM  1620  COMPUTER 
FROM  DATA  IN  APPENDIX  B 


1 

5  atm, 
n 

120®C 

Av 

(cm-M 

1  atm, 
n 

100°C 

Av 

(cm"^ ) 

50  cm, 
n 

100°C 

Av 

(cm-M 

5  cm, 
n 

( 

100®C 

Av 

cm"^) 

R(8) 

1.99 

0.069 

R(7) 

2.00 

.089 

R(6) 

2,01 

0.76 

1.98 

0.158 

(2.00) 

.108 

R(5) 

2.03 

1.13 

2.01 

.238 

2.01 

.158 

(2.00) 

0.0180 

R(4) 

2,03 

1.53 

1.97 

.354 

1.85 

.204 

(2.00) 

.0225 

R(3) 

1.93 

1.92 

1.99 

.446 

1.87 

.268 

1.98 

.0308 

R(2) 

1,79 

1.97 

2.00 

.537 

1.85 

.315 

1.89 

.0375 

R(l) 

1.82 

2,07 

1.98 

.496 

1.83 

.325 

2.03 

.0348 

R(0) 

1.83 

1.86 

1.99 

.453 

1.79 

.278 

1.96 

.0316 

P(l) 

a 

a 

2,05 

.460 

a 

a 

1.98 

.0305 

P(2) 

a 

a 

2.00 

.565 

a 

a 

2.01 

.0352 

P(3) 

a 

a 

2.04 

.551 

a 

a 

2.00 

.0354 

P(4) 

1.95 

1.80 

2.00 

.453 

a 

a 

1.99 

.0317 

P(5) 

(2,00) 

1.48 

1.97 

.295 

1.86 

.214 

(2.00) 

0.0224 

P(6) 

(2.00) 

1.22 

2.00 

0.174 

(2.00) 

.158 

P(7) 

(2,00) 

0.128 

^DlMr  region 

Notot  Values  in  parenthesis  are  estimates.  A  full 
explanation  is  given  in  the  text. 
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either  too  weak  or  too  narrow  to  be  handled.  These  cases 
are  discussed  later.  Several  exponent  values  are  enclosed 
In  parenthesis.  The  computer  calculated  exponents  signif¬ 
icantly  different  from  2.00  (2o05»  for  example)  for  these 
lines.  These  were  rather  narrow  lines,  and  It  is  felt  that 
experimental  errors  led  to  values  of  n  significantly  dif¬ 
ferent  from  2.00.  Actually,  an  exponent  of  2.00  fit  the 
data  for  these  lines  within  experimental  error. 

First  consider  the  results  of  the  Lorentz  half-width 

measurements.  Lines  with  the  same  value  of  |m|  (m  =  J  -f  1 

for  the  R  branch,  and  m  =  -J  for  the  P  branch)  should  have 

thzlr  Lorentz  half-widths  proportional  to  pressure  if  they 

are  truly  Lorentzlan.  In  this  case  ^  would  be  constant 

for  any  one  line  at  different  pressures.  Table  IX  lists 

the  values  of  ^  calculated  from  the  half-widths  listed  in 
P 

Table  VIII.  Also  listed  are  values  of  ^  calculated  from 

P 

the  uncorrected  (for  instrumental  broadening)  data*  using 
the  equivalent  width  method  of  Benedict,  et  al  (1).  These 
latter  calculations  were  made  only  for  those  lines  that 
were  not  overlapped  by  other  lines. 


*Prlvate  communication  from  R.  J.  Lovell.  Complete 
results  on  the  equivalent  width  measurements  will  be  pub¬ 
lished  at  a  later  date. 
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TABLE  IX 

HALF-WIDTH  PER  UNIT  PRESSURE 
FOR  EACH  SPECTRAL  LINE 


Spec¬ 

tral 

Line 

5  atm 
Av/p 

(cm”^/atm) 

1  atm 

Av/p 

( cm”^/atm) 

50  cm 
Av/p 

( cm“^/atm) 

5  cm 
Av/p 

(cm“^/atm) 

R(8) 

0.105 

R(7) 

0,135 

0.165^^ 

R(6) 

0.153 

0.158  0.160^ 

0.166 

0.187 

R(5) 

0.226 

0.238  0.254 

0.240 

0.274  0.265 

R(4) 

0.306 

0.354  0.348 

0.310 

0.342  0,342 

R(3) 

0.384 

0.446  0.433 

0.408 

0.468  0,476 

R(2) 

0.394 

0.537  0.540 

0.479 

0.570  0.586 

R(l) 

0.414 

0.496  0.508 

0.494 

0.529  0.495 

R(0) 

0.372 

0.453  0,453 

0.423 

0.480  0.462 

P(l) 

a 

0.460  0.464 

a 

0.464  0.482 

P(2) 

a 

0.565  0.557 

a 

0.535  0.548 

P(3) 

a 

0.551  0.572 

a 

0.538  0.522 

P(4) 

0.360 

0.453  0.472 

a 

0.482  0.458 

P(5) 

0,296 

0.295  0.313 

0.326 

0.341  0.361 

P(6) 

0.250 

0.174  0.221 

0.240 

0.225 

P(7) 

0.195 

0.200 

^Dimer  region 

^Figures  in  this  column  were  obtained  using  the 
equivalent  width  method* 
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All- 

Figure  22  shove  the  quantity  ^  plotted  as  a  func¬ 
tion  of  |m|  for  the  data  treated  by  the  D.  P.  Smith  method. 
Values  of  “  are  seen  to  be  quite  close  together  for  lines 
of  the  same  |m|  value  for  the  5  cm  and  1  atm  pressure  data, 
and  for  the  50  cm  and  5  stm  pressure  data  that  were  fitted 
by  a  Lorentz  exponent  essentially  equal  to  2.  Figure  23 

Ay 

shovs  p  plotted  as  a  function  of  |m|  for  data  treated  by 

Ay 

the  equivalent  width  method.  The  values  of  ^  measured  by 
the  two  methods  agree  quite  well. 

Nov  consider  the  Lorentz  exponent^  n^  looking  first 
at  the  5  cm  and  1  atm  pressure  results.  Except  for  R(2)  at 
5  cm  pressure^  all  lines  have  the  exponent  essentially 
equal  to  2.  The  average  value  of  n  for  the  5  cm  pressure 
lines  is  1.99;  for  the  1  atm  pressure  lines  the  average 
value  of  n  is  2.01.  In  fact>  one  can  take  n  =  2.00  for 
each  line  and  calculate  the  Lorentz  shape »  and  the  calcu¬ 
lated  and  observed  line  shapes  will  agree  within  the  ex¬ 
perimental  error  of  tl  per  cent  absorption.  The  agreement 
between  observed  and  calculated  line  shapes  is  shown  for 
two  typical  spectral  lines  in  Figs.  24  and  25.  The  ob¬ 
served  line  shape  has  been  corrected  for  Instrumental 
broadening.  The  Lorentz  line  shape  is  calculated  using 
Equations  (15)  end  (16)  with  the  measured  values  of 


and  Av 


Fig«  22  •  ~  rmrmvLB  |b  based  on  D»  F*  Saith  method 


UID!  /IV 


fig.  23 •  ^  *  b««0d  on  equlralont  width  setbod 

P 


Fig*  24*  Oba»rT*d  and  ealenlatad  line  shapes  for  R(l)  at  5  ea  pressure. 


Fig.  25.  Observed  and  calculated  line  ahapea  for  R(l)  at  1  ata  preaaure 
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Th«  slight  yariatlons  of  the  measured  yalues  of  the 
Lorents  exponent  from  2  are  felt  to  be  caused  by  the  large 
per  cent  error  involved  in  measuring  the  wing  data.  As 

a©  “  ® 

discussed  above ^  the  quantity  ^ ■  is  not  as  accurate  in 
the  wings  as  it  is  over  the  central  portion  of  a  spectral 
line.  The  measured  exponent  1.89  for  R(2)  at  5  cm  pressure 
is  probably  caused  by  an  undetected  experimental  error. 

The  data  for  this  line,  when  plotted  with  Equation  (20), 
scatter  much  more  than  that  of  other  lines.  However,  the 
Lorents  half-width  listed  for  this  line  in  Table  VIII  is 
probably  correct,  since  a  line  slope  n  =  2,  that  was  drawn 
to  fit  the  data  as  well  as  possible,  gave  the  same  value 
of  Av  as  did  n  -  1.89*  The  calculated  and  observed  line 
shapes  are  within  1  per  cent  absorption  of  each  other  over 
the  whole  breadth  of  the  line.  In  the  wings  the  observed 
data  indicated  that  there  was  sero  per  cent  absorption  much 
nearer  the  line  center  than  the  calculated  line  shape  would 
indicate.  This  error  seems  to  be  a  natural  result  of  the 
method  used  to  determine  the  base  line,  and  is  not  felt  to 
be  of  any  significance. 

It  appears  that  one  can  safely  say  that  HF  spectral 
lines  measured  at  5  cm  pressure  in  a  10  cm  cell  and  at  1 
atm  pressure  in  an  0.047  cm  cell  are  at  least  very  close  to 
the  true  Lorents  shape.  In  the  wings,  say  at  jv  -  v^j  = 

5  em'*^,  the  difference  in  per  cent  absorption  calculated 
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using  an  exponent  of  2.0  or  1.8  is  too  small  to  be  measured 
(about  0.3  per  cent  absorption).  The  exponent  2.0  actually 
fits  the  observed  data  better  than  the  exponent  1.6  in  the 
wings. 

The  50  cm  and  5  atm  pressure  data  show  a  vide  range 
of  values  of  the  exponent  n.  The  more  narrow  lines  at 
both  pressures  were  found  to  have  values  of  n  quite  close 
to  2.00.  The  vide  lines  were  found  to  have  values  of  n 
as  low  as  1.79.  To  compare  the  exponents  of  various  spec¬ 
tral  lines  at  different  pressures^  n  was  plotted  as  a 
function  of  the  half-absorption  half-width,  bv.  The  value 
of  bv  obtained  for  each  line  was  close  to  the  center  of  the 
range  of  values  of  v  -  which  were  used  to  determine  n 
in  the  first  place.  It  was  estimated  that  an  error  in  the 
value  of  n  of  ±0.03  would  not  greatly  effect  the  line 
shape.  The  plot  of  n  versus  bv  for  the  50  cm  and  5  atm 
pressure  data  are  shown  in  Fig.  26.  The  range  of  exponents 
obtained  for  the  5  cm  and  1  atm  pressure  data  are  indicated 
also.^ 

The  most  important  result  of  Pig.  26  is  that  the 
change  in  n  occurs  in  the  same  range  of  bv  values  for 
both  the  50  cm  and  5  atm  pressure  data.  This  result  leads 
to  the  conclusion  that  n  (at  least  for  pressures  of  5  atm 
or  less)  does  not  appreciably  depend  on  pressure.  The  ex¬ 
ponent  n  seems  to  be  a  function  of  bv,  but  n  could  also 


Fig.  26.  Dependence  of  Lorents  exponent,  n,  on  half-absorption 
half-vidth,  Kv , 
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•  It  ma7  veil  be  that  n  le  a 
o 

constant  that  depends  on  &v  for  the  central  portion  of  a 
llnof  and  that  n  becomes  a  slightly  decreasing  function 
of  V  -  far  from  the  line  center.  The  effect  of  the 
exponent  of  a  particular  line  on  the  shapes  of  neighboring 
lines  will  be  discussed  later. 

Another  result  of  Interest  Is  the  exponent  for  R(0). 
The  dotted  line  ”A"  at  n  =  1.85  fits  the  50  cm  pressure  ex¬ 
ponents  for  P(5)  and  R(lf  2^  and  4)  quite  well.  The 
measured  exponent  for  R(0)  Is  considerably  lover.  Simi¬ 
larly)  the  dotted  line  "B*  fits  the  varying  5  atm  pressure 
exponents  for  P(4)  and  R(l)  2)  and  3)  quite  veil)  and  again 
the  R(0)  exponent  is  considerably  lover.  This  lover  than 
average  exponent  for  R(0)  was  also  observed  by  Benedict  and 
his  covorkers  (2)  In  their  work  with  HCl. 

A  comparison  of  the  observed  and  calculated  line 
shapes  at  5  atm  pressure  shows  some  differences.  The  lines 
R(4)  5)  and  6)  are  fitted  quite  veil  with  n  =  2  except  for 
the  high  wave  number  side.  For  v  -  greater  than  2  cm"^) 
the  observed  absorption  Is  less  than  the  calculated  ab¬ 
sorption.  This  same  asymmetry  Is  observed  In  R(3)  using 
n  =  1.9.  The  difference  between  observed  and  calculated 
absorption  is  greater  than  the  estimated  experimental  error. 
Examples  of  the  asymmetry  are  shown  In  Figs.  27  and  28. 
Similar  asymmetry  In  line  shapes  was  also  observed  by 


function  of 


%  Absorption 
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Fig,  27.  Observed  and  calculated  line  shapes  for  R(4)  at  5  atm  pressure 


Fig.  28.  Obs»rT*d  and  ealculatad  line  ahapas  for  R(3)  at  5  atm  praaaure. 
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Benedict  and  his  coworkers  in  their  work  with  HCl*  R(2) 
appears  to  be  symmetric.  R(0  and  1)  appear  to  have 
slightly  more  observed  than  calculated  absorption  on  the 
high  wave  number  side  of  the  line  center.  The  calculated 
and  observed  line  shape  of  R(0)  is  shown  in  Fig.  29.  The 
small  difference  in  observed  and  calculated  absorption  on 
the  low  wave  number  side  of  R(0)  could  well  be  due  to  the 
H^Fs  band  that  is  centered  near  the  HF  band  center. 

The  strongest  H2F2  absorption  occurs  In  the  region 
of  P(ly  2,  and  3) t  and  these  lines  could  not  be  treated. 

The  data  for  the  high  J  lines  in  the  P  branch  are  not 
as  accurate  as  for  other  lines  because  of  an  unknown  amount 
of  HeF0  absorption  and  because  of  the  drop  in  signal-to- 
nolse  ratio  towards  low  wave  numbers. 

Figures  30,  31,  and  32  show  observed  and  calculated 
shapes  for  the  lines  R(7;  3,  and  O),  respectively,  at  50 
cm  pressure.  The  lines  R(7>  6,  5,  A,  and  3)  show  the  same 
asymmetry  as  the  5  atm  pressure  lines,  but  it  is  not  as 
pronounced.  R(0)  is  fitted  quite  well  by  the  exponent 
1.80.  For  comparison,  several  points  have  been  calculated 
in  Fig.  31  with  n  =  2.  It  is  seen  that  the  exponents  1.85 
and  2.00  give  quite  different  line  shapes  when  one  is  close 
to  the  line  center. 


Fig.  29*  Ob»*rT*d  and  ealeulatad  line  shapaa  for  R(0)  at  5  ata  pressure 


Fig.  30*  Observed  and  calculated  line  shapes  for  R(7)  at  50  cb  pressure. 


(cm 


99 


The  wings  of  the  5  cm  and  1  atm  pressure  lines  are 
fitted  rather  well  by  the  Lorentz  fornula  with  n  =  2,  as 
discussed  above*  This  is  true  even  though  one  may  be  more 
than  5  cm”*'  away  from  the  line  center. 

Because  of  the  method  used  to  determine  per  cent 
absorption  in  regions  where  there  was  line  overlap  (dis¬ 
cussed  in  the  section  on  data  taking  and  handling),  one 
might  have  an  error  of  as  much  as  2  per  cent  absorption* 
Therefore,  one  should  probably  not  place  too  much  impor¬ 
tance  on  the  wing  measurements  for  the  50  cm  and  5  stm 
pressure  lines*  For  this  reason  no  graphs  will  be  pre¬ 
vented,  but  the  results  will  be  discussed* 

After  values  of  n.  mnd  Av  had  been  obtained  for  the 
50  cm  and  5  atm  pressure  lines,  the  absorption  in  the  re¬ 
gions  between  lines  in  the  R  branch  was  calculated  using 
n  =  1*8  for  all  lines  and  considering  contributions  from 
all  possible  lines*  The  calculated  absorption  was  then 
compared  with  the  observed  absorption  in  the  regions  be¬ 
tween  lines*  Observed  and  calculated  absorption  agreed  to 
within  about  1  per  cent  absorption  except  for  regions  next 
to  those  lines  that  had  a  measured  Lorentz  exponent  of  2 
for  their  central  portions*  In  these  regions  a  better  fit 
to  the  observed  data  was  obtained  if  the  exponent  2  was 
used  until  one  was  about  15  cm”^  away  from  the  line  center* 
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For  dlstanoes  greater  than  15  cm**^  from  the  centers  of 
these  lines,  the  absorption  became  so  weak  that  the  dif¬ 
ference  between  an  exponent  of  2  and  one  of  1»6  would  be 
negligible. 

In  the  case  of  the  50  cm  pressure  data,  a  slightly 
better  fit  to  the  observed  data  was  obtained  if  the  ex¬ 
ponent  1.85  was  used  for  the  values  of  |v  -  v^j  less  than 
about  15  cm~^  for  the  lines  R(l,  2,  3)  and  4). 

One  thing  should  certainly  be  kept  in  mind,  though. 
The  observed  absorption  was  almost  always  less  than  the 
calculated  absorption  in  the  regions  between  lines.  Thus 
it  may  be  that  a  constant  error  of  about  -1  per  cent  ab¬ 
sorption  was  made  in  determining  the  base-line  for  the  50 
cm  and  5  atm  pressure  data.  If  1  per  cent  absorption  was 
added  to  the  observed  absorption  in  the  regions  between 
lines,  then  the  calculated  absorption,  using  an  exponent 
of  1.8  would  agree  very  well  with  the  observed  absorption 
in  these  regions.  One  would  then  say  that  the  exponent 
1.8  should  be  used  for  all  lines  when  one  was  further  than 
about  5  cm'^  from  the  line  center. 

Varying  the  exponents  of  strong  lines  from  1.80  to 
1.85  would  have  some  effect  on  the  a  correction  curves 
that  were  calculated  for  each  line  prior  to  measuring 
and  ^v.  In  the  ease  of  the  5  etm  pressure  lines  the 
effect  was  insignificant.  The  effect  was  a  little  larger 


101 


in  the  case  of  the  50  cm  pressure  data,  and  It  was  felt 


that  for  yalues  of  v  -  v. 


greater  than  about  20  cn**^ 


It  vas  better  to  use  an  exponent  of  1*80 < 


Narrow  Lines 

All  5  cm  and  1  atm  pressure  lines  and  the  high  J 
50  cm  and  5  atm  pressure  lines  were  found  to  be  truly 
Lorentsian  in  shape.  A  number  of  these  lines^  R(0f  1,  and 
2)  and  P(lf  2,  and  3)  at  1  atm  pressure,  were  wide  enough 
to  need  no  correc  ion  for  instrumental  broadening*  All 
lines  narrower  than  these  lines  should  then  be  Lorentsian 
unless  they  were  so  narrow  that  Doppler  broadening  became 
appreciable*  Since  there  were  lines  that  needed  correction 
for  Instrumental  broadening  that  turned  out  to  be  Lorentsian 
after  correction,  one  can  say  that  the  correction  method 
was  a  good  one,  at  least  for  lines  that  were  not  too  nar¬ 
row. 

A  line  as  narrow  as  R(7)  at  50  cm  pressure  (&V  » 

0*5  om~^)  was  corrected  properly,  as  can  be  seen  in  Fig* 

30*  Howeyer,  when  narrower  lines  such  as  the  high  J  5  cm 
pressure  lines  and  all  1  cm  pressure  lines  were  subjected 
to  the  correction  method,  the  results  were  obylously  in 
error*  The  corrected  line  center  often  went  well  oyer  100 
per  cent  absorption,  and  dips  were  introduced  into  the 
wings  that  sometimes  went  below  sero  per  cent  absorption* 
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The  widest  of  the  1  cm  pressure  lines  had  6v  =  0.2 
approximately. 

For  the  widest  of  the  1  cm  pressure  lines  Doppler 
broadening  should  be  completely  masked  by  pressure  broad¬ 
ening,  and  these  lines  should  be  Lorentslan.  It  was  de¬ 
cided  to  estimate  the  Lorents  half-widths  of  these  lines 
from  the  high  pressure  data  and  calculate  their  shapes. 

The  slit  function  could  then  be  allowed  to  scan  this  cal¬ 
culated  Lorentz  shape,  and  the  result  could  be  compared 
with  the  observed  data. 

Since  Av  is  proportional  to  pressure  for  pressure 
broadened  lines,  Av  for  a  particular  1  cm  pressure  line 
could  be  calculated  from  the  5  cm  and  1  atm  pressure 
values  of  Av  for  that  line.  Then  the  value  of  Bsas- 
ured  at  1  atm  pressure  for  that  line  could  be  used  with  the 
Lorents  formula  to  calculate  the  line  shape.  The  result  of 
this  calculation  is  shown  for  R(l)  at  1  cm  pressure  in  Fig. 
33.  The  slit  function  matrix  was  then  multiplied  into  the 
column  matrix  representing  the  Lorents  line  shape.  The  re¬ 
sult  of  this  step  is  also  shown  in  Fig.  33*  along  with  the 
observed  line  shape. 

The  observed  and  calculated  line  shapes  differ  by 
about  2  per  cent  absorption  in  the  regions  where  absorption 
changes  most  rapidly  with  wave  numbers.  The  difference  in 
values  of  6v  for  the  observed  and  calculated  shapes  is 


104 


about  0.01  cm”^ .  Slight  changes  In  the  values  of  oi* 

Av  affect  points  within  a  few  hundredths  of  a  wave  number 
of  the  line  center  only.  The  difference  In  the  two  curves 
Is  therefore  thought  to  occur  because  the  silt  function 
could  not  be  measured  precisely  enough  to  correct  these 
very  narrow  lines. 

The  above  procedure  was  applied  to  several  of  the 
1  cm  pressure  lines,  and  the  results  were  essentially  the 

same. 

Dimer  Region 

The  strongest  absorption  lies  In  the  region  of 

P(l,  2,  and  3)  of  the  monomer.  At  lOO^C  no  dimer  could  be 
observed  at  5  cm  pressure  In  the  10  cm  cell  or  at  1  atm 
pressure  In  the  0.047  cm  cell.  At  lOO^C  and  50  cm  pressure 
In  the  10  cm  cell  and  at  120^0  and  5  atm  pressure  In  the 
0.047  cm  cell  the  dimer  absorption  became  appreciable.  On 
the  basis  of  the  1  and  5  atm  pressure  data,  values  of 
Av,  and  n  were  estimated,  and  the  monomer  absorption  was 
calculated  for  the  region  of  P(l,  2,  and  3).  This  calcu¬ 
lated  monomer  absorption  was  subtracted  from  the  observed 
absorption,  which  left  the  dimer  absorption.  The  dimer 
absorption  had  the  same  shape  as  that  reported  by  Smith 
(18).  Because  Smith's  experimental  conditions  were  quite 
different  from  those  of  this  present  work,  only  a 


105 


qualitative  comparison  could  be  made.  Since  one  must  make 
assumptions  about  the  monomer  spectrum  in  order  to  calcu¬ 
late  the  dimer  spectrumi  and  vice  versa,  it  would  take  a 
great  deal  of  experimental  work  and  calculations  to  sep¬ 
arate  the  two  spectra  exactl7. 

As  the  spectrometer  used  in  this  present  work  was 
capable  of  much  higher  resolution  than  the  one  used  by 
Smith,  it  was  considered  to  be  of  interest  to  examine  the 
dimer  spectrum  under  optimum  conditions.  Smith  has  found 
that  the  ratio  of  dimer  to  monomer  is  greatest  at  a  pres¬ 
sure  of  30  cm  and  a  temperature  of  29^C.  The  results  of 
this  investigation  have  already  been  published  by  Nielsen 
and  his  coworkers  (8)  and  only  a  brief  discussion  will  be 
made  here. 

All  of  the  bands  observed  by  Smith  were  observed 
in  Nielsen's  investigation.  In  addition,  regions  of  ab¬ 
sorption  near  the  monomer  band  center,  between  P(l)  and 
P(2),  and  between  P(2)  and  P(3)  were  resolved  into  fine 
structure.  There  are  evidences  of  PQR  type  structure, 
and  a  regular  spacing  of  lines  can  be  observed.  In  the 
region  of  the  monomer  band  center  the  spacing  is  about 
1.5  cm'^.  On  the  low  wave  ntimber  side  of  P(l)  the  spacing 
is  about  0*5  em**^. 


CHIPTER  IV 


SUMMARY  AND  SUGGESTIONS  FOR  FUTURE  WORK 
I .  SUMMARY 


Experimental  Work 

No  actual  research  had  been  performed  on  the 
Unlyersity  of  Tennessee's  Tacuum-gratlng  spectrometer  prior 
to  this  work.  Thus  seyeral  modifications  were  made  on  the 
spectrometer  and  a  few  instrumental  problems  had  to  be 
solyed  before  data  could  be  taken  on  the  HF  spectrum* 

The  following  changes  were  made  on  the  spectrometers 

1*  The  Fabry-Perot  interferometer  was  replaced  by  a 
source  of  neon  emission  lines  in  order  to  proylde  a  more 
eonyenlant  calibration  system.  Absolute  frequency  meas¬ 
urements  can  easily  be  made  to  within  t0.02  om**^  in  the  re¬ 
gion  of  4000  cm”^ . 

2.  A  glower  stabilizing  circuit  was  Installed  so 
that  the  glower  output  could  be  kept  constant*  With  proper 
techniques^  absorption  can  be  measured  to  within  ±1  per 
cent  absorption* 

3*  For  this  present  work  a  band  pass  filter  was 
substituted  for  the  prism  monochromator^  which  greatly 
facilitated  the  taking  of  data* 
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The  following  instrumental  problems  were  solvedi 

!•  The  replacement  of  the  prism  by  a  filter  par¬ 
tially  solved  stray  light  problems*  Stray  light  was  fur¬ 
ther  reduced  by  arranging  light  baffles  in  the  detector 
section  and  by  masking  off  portions  of  the  large  flat 
mirror. 

2,  Problems  arising  from  the  use  of  glovers  in 
vacuum  were  solved* 

3*  Slight  motions  of  some  optical  parts  were  de¬ 
tected.  Faulty  gaskets  in  the  mirror  mounts  proved  to  be 
the  main  source  of  this  difficulty* 

4*  A  system  was  developed  for  removing  all  re¬ 
maining  traces  of  water  vapor  from  the  spectrometer  after 
evacuation* 

5*  In  order  to  handle  HF  safely  a  gas  handling 
system  was  constructed  almost  entirely  of  monel  metal*  The 
pressure  and  temperature  of  HF  in  an  absorption  cell  inside 
the  spectrometer  chamber  can  be  measured  and  controlled 
from  outside  the  chamber* 

Line  Positions 

The  line  centers  of  twenty-one  lines  of  the  HF  fun¬ 
damental  and  seventeen  lines  of  the  first  overtone  were 
measured*  A  rotational  analysis  was  carried  out,  and  the 
results  were  as  follows: 


108 


1»  Obserred  and  calculated  line  centers  agreed  to 
within  to .02  cm~^ • 

2.  The  band  centers  obtained  for  both  bands  were 
slightly  over  0*1  ca'^  lower  than  the  values  measured  by 
other  workers* 

A  vibrational  analysis  was  carried  out  using  the 
fundamental  and  first  overtone  band  centers  of  this  present 
work  and  seven  higher  overtone  band  centers  measured  by 
other  workers*  The  agreement  between  observed  and  calcu¬ 
lated  band  centers  was  much  better  (within  ±0*025  cm"^) 
when  the  fundamental  and  first  overtone  band  centers  of 
this  present  work  were  used  with  the  seven  other  band  cen¬ 
ters  than  when  all  nine  band  centers  measured  by  other 
workers  were  used*  lew  values  of  several  molecular  con¬ 
stants  were  obtained* 

Shifts  in  line  centers  that  are  proportional  to 
pressure  were  observed  and  measured*  The  shifts  are 
strongly  J  dependent. 

Uftff  ateiPgg 

The  main  goal  of  this  work  was  to  determine  experi¬ 
mentally  the  true  shape  of  the  rotational  lines  of  the  HF 
fundamental,  and  to  compare  the  measured  shape  with  a  the¬ 
oretical  line  shape.  The  results  are  as  followsi 
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1*  1  technique  was  dereloped  that  permits  the  cor¬ 

rection-  of  measured  line  shapes  for  the  effects  of  instru¬ 
mental  broadening*  The  technique  works  well  on  all  but  the 
most  narrow  lines* 

2*  Obseryed  line  shapes  can  be  represented  very 
well  by  the  Lorents  expression,  except  that  the  exponent  of 
(v  -  v^),  n,  was  found  to  depend  strongly  on  the  half¬ 
absorption  half-width,  6v,  for  the  central  portion  of  the 
lines* 

3*  For  lines  with  5v  less  than  2*2  om"^,  n  »  2*00 
gare  a  good  fit  between  obseryed  and  calculated  line 
shapes,  regardless  of  the  pressure  at  which  the  line  was 
measured*  It  was  found  that  n  =  2  gaye  a  better  fit  to  the 
wing  data,  eyen  as  far  as  10  em~^  from  the  center  of  these 
lines* 

4*  For  lines  with  6v  greater  than  3*0  om~^,  n  » 

1*85  gaye  the  best  fit  to  all  of  the  data*  This  yalue  of 
n  gaye  a  better  fit  to  the  obseryed  data  than  n  s  2*00 
eyen  within  a  few  waye  numbers  of  the  center  of  these 
lines*  For  distances  greater  than  20  cm"^  from  the  line 
center,  n  was  taken  as  1*80  for  all  lines* 

5*  R(0)  seems  to  haye  a  slightly  lower  exponent 

than  other  lines.  The  high  pressure  lines  seem  to  be 
slightly  asymmetric*  Both  of  thqse  results  haye  been  re¬ 
ported  by  other  workers  using  HCl* 
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6*  The  lines  P(l|  2,  and  3)  could  not  be  measured 
satisfactorily  at  50  cm  pressure  in  the  10  cm  cell  and  at 
5  atm  pressure  in  the  0.047  cm  cell  because  of  HgFg  absorp¬ 
tion.  Fine  structure  was  observed  in  the  H2F2  absorption. 

7.  The  Lorentz  half-width  seems  to  be  proportional 
to  pressure  for  all  lines  that  have  their  Lorentz  exponent 
equal  to  2.  Lines  with  values  of  the  Lorentz  exponent  less 
than  2  have  smaller  Lorentz  half-widths  than  might  be  ex¬ 
pected. 

8.  Direct  measurements  of  the  Lorentz  half-width 
led  to  the  same  results  as  did  the  equivalent  width  method. 

The  most  significant  results  of  this  present  work 
have  to  do  with  the  dependence,  or  lack  of  it,  of  the 
Lorentz  exponent,  n,  on  pressure  and  on  distance  from  line 
center.  In  pressure  ranges  where  pressure  broadening  is 
the  main  contributor  to  the  true  line  shape,  n  has  no 
measurable  dependence  on  pressure.  The  main  dependence  of 
n  seems  to  be  on  the  half-absorption  half-width,  bv.  Over 
the  central  portion  of  a  line  (  |v  less  than  10  cm**^) 

n  was  found  not  to  be  a  function  of  the  distance  from  the 
line  center,  at  least  within  experimental  error. 

II.  SUGGESTIONS  FOR  FUTURE  WORK 

1.  Measure  the  center  frequencies  of  high  J  lines 
in  a  cell  of  several  meters  path  length.  Such  measurements 
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would  permit  a  better  determination  of  the  smaller  ro¬ 
tational  constants.  Pressure  Induced  line  shifts  could  be 
measured  for  these  lines. 

2*  Measure  line  shapes  at  pressures  from  1  to  5 
atm  with  path  lengths  from  1  mm  to  1  cm,  possibly.  Such 
measurements  would  permit  determinations  of  the  Lorents 
parameters  end  Av  for  the  high  J  lines.  Per  cent  ab¬ 
sorption  could  be  measured  with  less  per  cent  error  in  the 
region  between  lines  with  the  above  pressures  and  cell 
lengths*  and  thus  values  of  n  far  from  line  centers 
might  be  determined  more  accurately  than  was  possible  in 
this  work. 

3.  Measure  the  temperature  dependence  of  the 
Lorents  parameters. 

4*  Measure  pressure  induced  line  shifts  and  broad¬ 
ening  caused  by  a  mixture  of  HF  and  a  noble  gas. 

5.  Measure  high  pressure  absorption  of  the  lines 
P(l*  2,  and  3)  at  temperatures  high  enough  that  HgF2  ab¬ 
sorption  is  eliminated*  if  possible. 

6.  Measure  several  lines*  say  R(2  and  4)*  in  the 
0.047  cm  cell  at  pressures  ranging  from  1  to  5  etm  in 
order  to  study  the  Lorents  exponent  as  it  decreases  from  2. 
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APPENDICES 


APPENDIX  A 


THE  SLIT  FUNCTION  MATRIX 


An  example  of  the  slit  function  as  measured  by  the 
spectrometer  was  shown  in  Fig.  14(a).  The  smooth  curve  was 
obtained  directly  from  the  recorder  chart,  with  absorption 
(arbitrary  units)  plotted  against  a  continuous  frequency 
scale  (cm"*').  If  the  continuous  frequency  scale  is  re¬ 
placed  by  a  scale  of  discrete  Intervals  (0.05  cm"*  in  this 
case),  the  slit  function  is  then  represented  by  the  step 
function  (dotted  curve).  Spectral  lines  are  also  plotted 
as  step  functions. 

The  slit  function  measured  with  a  physical  slit 
width  of  100  microns  and  divided  into  0,02  cm"*  intervals 
contained  twenty-three  steps.  The  method  of  construction 
of  the  slit  function  matrix  is  Independent  of  the  number  of 
steps  Involved,  so  for  simplicity  one  can  assume  that  the  slit 
function  contains,  say,  five  steps.  Let  the  numbers  repre¬ 
senting  the  steps  be  Sx»  82*  •  >  .,  Sq*  One  can  assume 
that  the  slit  function  has  already  been  normalized  to  unit 
area,  so  that  ^  =  1. 

The  slit  function  and  the  line  to  be  corrected  for 
Instrumental  broadening  are  divided  into  steps  of  equal 
width  in  wave  numbers.  This  width  is  based  on  the  number 
of  steps  that  are  needed  to  represent  satisfactorily  the 
shape  of  the  line  in  question.  Wide  lines  were  divided 
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into  steps  of  width  0.05  cm"^ ,  and  narrow  lines  were  di¬ 
vided  into  steps  of  width  0.02  cm"^ .  Although  wide  lines 
were  divided  into  as  many  as  ninety  steps,  for  simplicity 
one  can  assume  that  the  portion  of  a  line  that  required 
correction  required  eight  steps  for  proper  representation. 
Let  the  numbers  representing  per  cent  absorption  at  each 


step  be  A],,  Ag,  .  .  .,  Aq.  The  product  of  the  slit  func¬ 
tion  multiplied  into  the  observed  line  shape,  as  expressed 
in  Equation  (7),  would  be  written  as 
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The  slit  function  is  always  divided  into  an  odd  num¬ 
ber  of  steps.  A  aero  can  always  be  added  as  an  extra  step 
if  necessary.  The  center  step,  3$  in  the  above  example,  is 
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always  placed  along  the  diagonal  of  the  matrix.  The  center 
Interval  would  occur  at  the  frequency  at  which  the  spec¬ 
trometer  Is  actually  set.  The  per  cent  absorptions  are 
assumed  to  be  far  enough  Into  the  wings  of  the  line  that 
observed  absorption  Is  equal  to  true  absorption,  and  there¬ 
fore  =  X^.  The  number  of  elements  x^  that  are  added  to 
each  end  of  matrix  (X^)  Is  equal  to  one  less  than  the  num¬ 
ber  of  non-sero  elements  In  the  first  and  last  rows  of  the 
silt  function  matrix,  respectively. 

Note  that  does  not  equal  SsXj.  +  84X9  +  S^ki, 

since  contributions  from  the  two  Intervals  on  the  line  fur¬ 
ther  from  the  line  center  than  x^  have  not  been  Included. 
The  computer  that  handles  the  correction  procedure  must  be 
programmed  to  make  =  x^  for  each  matrix  multiplication. 
If  this  "fixing  of  the  end  points"  Is  not  done,  the  number 
of  usable  elements  along  a  spectral  line  would  diminish 
with  each  multiplication  by  the  slit  function  matrix. 


APPINDIX  B 


VALUES  OF  THE  ABSORPTION  COEFFICIENT  AT  VARIOUS  DISTANCES 
FROM  THE  CENTER  OF  THE  HF  ABSORPTION  LINES  CORRECTED 
FOR  INSTRUMENTAL  BROADENING  (IF  NECESSARX) 

The  following  tableS)  Tables  X  through  IIII«  list 
the  values  of  the  absorption  coefficient  a*  various 
distances  from  the  line  center  v  -  for  each  spectral 
line  for  which  a  value  of  the  Lorentz  exponent  n,  and  the 
Lorents  half-width  av»  could  be  determined*  Thus  all  lines 
are  included  that  were  wide  enough  to  be  corrected  for  the 
effects  of  Instrumental  broadening)  or  were  wide  enough  to 
need  no  correction. 

All  lines  measured  at  the  same  temperature  and 
pressure  and  with  the  same  path  length  are  Included  in  the 

same  table* 
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TABLE  Z 

SPECTRAL  LIRE  SHAPE  IN  TERNS  OF  a  AND  v  -  Vq  FOR  LINES 
MEASURED  AT  5  CM  PRESSURE  AND  lOO^C 
IN  THE  10  CM  CELL 


Spaetral  Line 
and  Naasured 
Constanta 

Low  Wave 

Vo  -  V 

( cm”*- ) 

Number  Side 
0, 

(cm-*) 

High  Wave 

V  -  Vp 

(cm-*y 

Number  Si 
0, 

( cm~* ) 

R(3) 

0.30 

0.243 

0.30 

0.239 

.45 

.0997 

.45 

.107 

v^»4109.95  e«"^ 

.60 

.0593 

.60 

.0600 

.75 

.0376 

.75 

.0391 

o. *23. 142  cm"*- 

.90 

.0268 

.90 

.0268 

W 

1.05 

.0207 

1.05 

.0200 

1.20 

.0159 

1.20 

.0154 

1.35 

.0131 

1.35 

.0119 

1.50 

0.0105 

1.50 

0.0093 

R(2) 

0.332 

0,277 

0.368 

0.246 

.432 

.165 

.518 

.122 

V  ^4075.29  cm"i 

.582 

.0930 

.  668 

.0751 

o 

.732 

.0601 

.818 

.0511 

0^*24.714  cm-i 

.882 

.0418 

.968 

.0363 

1.032 

.0310 

1.118 

.0274 

1.182 

.0240 

1.268 

.0216 

1.332 

.0199 

1.418 

.0179 

1.482 

.0165 

1.568 

.0150 

1.632 

.0138 

1.718 

.0125 

1.782 

0.0114 

1.868 

0.0105 

R(l) 

0.384 

0.183 

0.316 

0.294 

.534 

.0955 

.466 

.128 

v^a4038.96  cm"^ 

.684 

.0603 

.616 

.0737 

.834 

.0407 

.766 

.0477 

o«*22.953  cm-i 

.984 

.0295 

.916 

.0331 

W 

1.134 

.0216 

1.066 

.0251 

1.284 

.0166 

1.216 

.0191 

1.434 

0.0132 

1.366 

0.0148 
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TABLE  Z  (continued) 


T 


Spectral  Line  Low  Wave  Number  Side  Higb  Wave  Ituiber  Side 
and  Measured  v©  -  v  a  v  -  Va  o 

Constants  (cn~*’)  (cm-*’)  (cm“^)  (cm”^) 


R(o) 

0.28 

0.185 

0.32 

0.162 

.38 

.102 

.42 

.0887 

V  =4001.02  cm"^ 

.48 

.0659 

.52 

.0613 

o 

.58 

.0463 

.62 

.0428 

a«»l6.247  cB-i 

.68 

.0346 

.72 

.0321 

O 

.78 

.0262 

.82 

.0242 

.88 

.0206 

.92 

.0191 

.98 

.0166 

1.02 

.0157 

1.08 

.0136 

1.12 

.0131 

1.18 

.0119 

1.22 

.0106 

1.28 

.0103 

1.32 

.00921 

1.38 

.00892 

1.42 

.00840 

1.48 

.00774 

1.52 

0.00714 

1.58 

0.00646 

P(l) 

0.302 

0.135 

0.298 

0.160 

.402 

.0728 

.398 

.0833 

V-»*3920,33  em"^ 

.502 

.0517 

.498 

.0552 

w 

.602 

.0384 

.598 

.0380 

a-sl4.494  cm-^ 

.702 

.0287 

.698 

.0269 

w 

•802 

.0223 

.798 

•0207 

.902 

.0167 

.898 

.0160 

1.002 

.0137 

.998 

.0129 

1.102 

.0116 

1.098 

.0107 

1.202 

.00976 

1.198 

.00913 

1.302 

0.00867 

1.298 

0.00721 

P(2) 

0.33 

0.227 

0.32 

0.226 

.43 

.124 

.42 

.127 

v^=3877.72  cm-^ 

.53 

.0809 

.52 

.0825 

o 

.63 

.0575 

.62 

.0583 

a_=10*458  c*“^ 

.73 

.0435 

.72 

.0439 

O 

.83 

.0339 

.82 

.0356 

.93 

.0265 

.92 

.0277 

1.03 

.0216 

1.02 

.0216 

1.13 

.0179 

1.12 

.0184 

1.23 

0.0147 

1.22 

.0160 

1.32 

.0135 

1.42 

.0114 

1.52 

.00967 

1.62 

0.00839 
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TABLE  Z  (continued) 


Spectral  Line  Low  Wave  Humber  Side  High  Vaye  Number  Side 
and  Measured  Vq  -  V  a  v  -  Vp  a 

Constants  (cm”^)  (cm“^)  (cm“^)  (em“^) 


P(3) 

0.327 

0.215 

0.323 

0.208 

.427 

.122 

.423 

.118 

V  a3833,68  em-i 

.527 

.0784 

.523 

.0763 

O 

.627 

.0554 

.623 

.0571 

o_»17.6l3  cm-^ 

.727 

.0421 

.723 

.0433 

O 

.827 

.0327 

.823 

.0323 

.927 

.0253 

.923 

.0264 

1.027 

0202 

1.023 

.0214 

1.127 

0.0168 

1.123 

.0176 

1.223 

.0151 

1.323 

.0126 

1.423 

.0107 

1.523 

0.00950 

P(4) 

0.238 

0.271 

0.262 

0.221 

.338 

.132 

.362 

.118 

V  =3788.21  cm“^ 

•  438 

.0746 

.462 

.0732 

o 

.538 

.0497 

.562 

.0483 

o«=15.454  cm-i 

.638 

.0374 

.662 

.0349 

.738 

.0287 

.762 

.0266 

.838 

.0221 

.862 

.0208 

0.938 

0.0179 

.962 

.0164 

1.062 

.0140 

1.162 

0.0124 
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TABLE  ZI 

SPECTRAL  LINE  SHAPE  IN  TERMS  OF  a  AND  v  >  Vq  FOR  LINES 
MEASURED  AT  50  CM  PRESSURE  AND  lOOOC 
IN  THE  10  CM  CELL 


Spectral  Line 
and  Measured 
Constants 

Low  Have 

Vq  -  V 

Number  Side 
a, 

(cm"^) 

High  WavA 
V  -  Vp 

(ca~^) 

Niuaber  Side 
a 

(cm-M 

R(8) 

0.176 

0.167 

0.224 

0.111 

V  *4256.33  cm-^ 

.276 

.0715 

.324 

.0539 

.376 

.0400 

.424 

.0324 

O 

.476 

.0262 

.524 

.0208 

o-*l*26  cm“^ 

.576 

.0183 

.624 

.0146 

o 

.676 

.0129 

0.724 

0.0109 

0.776 

0.00971 

R(7) 

0.43 

0.113 

0.47 

0.114 

.58 

.0647 

.62 

.0646 

v_*4230.78  cm~i 

.73 

.0435 

.77 

.0441 

o 

.88 

.0313 

.92 

.0302 

o_*3.022  cm“^ 

1.03 

.0232 

1.07 

.0230 

o 

1.18 

.0175 

1.22 

.0170 

1.33 

.0139 

1.37 

.0136 

1 .48 

.0109 

1.52 

.0113 

1.63 

0.00926 

1.67 

0.00945 

R(6) 

0.68 

0.194 

0.72 

0.187 

.88 

.119 

.92 

.118 

Vq*4203.31  cm"i 

1.08 

.0794 

1.12 

.0761 

0  *8.278  cm-^ 

1.28 

.0573 

1.32 

.0541 

1.48 

.0422 

1.52 

.0398 

w 

1.68 

.0322 

1.72 

.0305 

1.88 

.0253 

1.92 

.0242 

2.08 

.0202 

2.12 

.0189 

2.48 

0.0127 

2.52 

0.0132 

R(5) 

1.2 

0.217 

1.2 

0.236 

1.6 

.127 

1.6 

.132 

v^=4173.99  cm-i 

2.0 

.0825 

2.0 

.0837 

0^*13.463  c*“^ 

2.4 

.0584 

2.4 

.0576 

3.1 

.0343 

2.7 

.0468 

3.9 

0.0210 

3.5 

.0269 

4.3 

.0177 

5.1 

.0128 

5.9 

0.00948 

Spectral  Line 
and  Measured 
ponstants 

R(4) 

Vq*4142.S5  cm-^ 
0^=18.712  cm-^ 


R(3) 

V ^=4109 *95  cm 
o 

(X^“23»142  CM**’ 
o 


R(2) 

v^j=4075.29  cm 
0^=24.707  cm“' 
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TA3LE  XI  (continued) 


Low  Wave  Number  Side  High  Vave  Number  Side 


1  1 

m 

oo 

a 

(cm“^) 

V  -  Vo 

(cm-^y 

a 

(cm-M 

1.76 

0.236 

1.74 

Q.336 

2.26 

.158 

2.24 

.188 

2.76 

.112 

2.74 

.126 

3.26 

.0833 

3.24 

.0905 

3.76 

.0647 

3.74 

.0675 

4.26 

.0519 

4.24 

.0523 

4.76 

.0430 

4.74 

.0424 

5.26 

.0358 

5.24 

.0353 

5.76 

.0304 

5.74 

.0302 

6.76 

.0224 

6.24 

.0261 

7.76 

0.0171 

7.24 

.0200 

8.24 

.0161 

9.24 

.0134 

10.24 

0.0112 

2.34 

0.327 

2.16 

0.381 

2.84 

.225 

2.66 

.271 

3.34 

.169 

3.16 

.196 

3.84 

.132 

3.66 

.149 

4.34 

.105 

4.16 

.113 

4.84 

.0862 

4.66 

.0932 

5.34 

.0726 

5.16 

.0768 

5.84 

.0619 

5.66 

.0652 

6.34 

.0536 

6.16 

.0563 

6.84 

.0463 

7.16 

.0420 

7.84 

.0357 

8.16 

.0322 

8.84 

0.0283 

9.16 

0.0246 

3.3 

0.258 

2.7 

0.394 

4.3 

.161 

3.7 

.221 

5.3 

.112 

4.7 

.148 

6.3 

.0815 

5.7 

.103 

7.3 

.0624 

6.7 

.0759 

8.3 

.0493 

7.7 

.0574 

9.3 

.0397 

8.7 

.0445 

10.3 

0.0325 

9.7 

0.0356 
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TABLE  XI  (continued) 


Spectral  Line 
and  Measured 
Constants 

Low  Vave 

Vo  -  V 
( cm“^ ) 

Number  Side 

High  Wave 
V  -  Vp 
(cb-^5 

Number  Side 
0^ 

(cm”^) 

R(l) 

4.1 

0.183 

3.9 

0.194 

6.1 

.0891 

5.9 

.0932 

v^=4038,96  cm”i 

8,1 

.0517 

7.9 

.0559 

o 

10.1 

.0337 

9.9 

.0367 

a«*22.947  cm-^ 

12.1 

.0245 

11.9 

.0259 

o 

14.1 

,018^ 

13.9 

.0192 

16,1 

.0150 

15.9 

.0146 

18.1 

0.0126 

17.9 

0.0121 

R(0> 

3.1 

0.165 

2.9 

0.182 

5.1 

.0675 

4.9 

.0709 

V ^=4001. 02  cm“i 

7.1 

.0361 

6.9 

.0395 

o 

9.1 

.0236 

8.9 

.0249 

0^=16.242  cm“^ 

11.1 

.0168 

10.9 

.0171 

o 

13.1 

0.0123 

12.9 

.0127 

14.9 

0.00971 

P(5) 

2.09 

0,170 

1.80 

0.178 

2,57 

.117 

2.41 

.113 

v^=3741*48  cm”*' 

2,90 

.0837 

2.82 

.0872 

0 

3.31 

.0593 

3.23 

.0685 

a_=13»109  cm"*- 

3.72 

.0497 

4.06 

.0440 

o 

4.53 

.0339 

5.71 

0.0257 

6.58 

0.0170 
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TABLE  ZII 

SPECTRAL  .LINE  SHAPE  IN  TERMS  OF  a  AND  v  >  Vq  FOR  LINES 
MEASURED  AT  1  ATM  PRESSURE  AND  lOO^C 
IN  THE  0.047  CM  CELL 


Spectral  Line 
and  Measured 
Constants 

Low  Wave 

Vo  -  V 

(2-“M 

Number  Side 

(em“^) 

High  Wave 
V  -  Vp 

Number  Side 
a. 

( om“^ ) 

R(6) 

0.068 

7.240 

0.082 

6.359 

.118 

5.790 

.132 

4.817 

v«=4203.29  cm-i 

.168 

4.080 

.182 

3.425 

O 

.218 

2.823 

.232 

2.454 

0-=8,278  cm”^ 

.268 

2.178 

.332 

1.539 

o 

.368 

1.316 

.432 

.998 

.468 

.784 

0.532 

0.599 

.568 

.579 

0.668 

0.500 

R(5) 

0.267 

5.884 

0.283 

5.737 

.367 

4.058 

.383 

3*809 

V  *4173.97 

.467 

2.760 

.483 

2.615 

W 

.567 

1.958 

.583 

1.911 

(X  *13*467 

.667 

1.561 

.683 

1.457 

0 

.767 

1.292 

.783 

1.134 

.867 

.959 

.883 

.899 

0.967 

0.771 

0.983 

0.694 

R(4) 

0.18 

14.666 

0.22 

13.479 

.23 

12.960 

.32 

10.474 

v^s4142.83  c«“^ 

.33 

9.918 

.42 

7.737 

.43 

7.322 

.52 

5.786 

a  *18.712  cm-^ 

.53 

5.758 

.62 

4.460 

0 

.63 

4.523 

.72 

3.502 

.73 

3.573 

.82 

2.884 

.83 

2.787 

.92 

2.412 

.93 

2.337 

1.17 

1.544 

1.03 

2.135 

1.67 

0.824 

1.53 

0.980 
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TABLE  XII  (continued) 


Spectral  Line 
and  Measured 
Constants 

Low  Wave 

Vo  -  V 

(cn-^) 

Number  Side 

a 

(cm“^ ) 

High  Wave 

V  -  Vp 

(cm-*-) 

Number  Side 

a 

(cm-i) 

R(3) 

0.177 

20.013 

0.173 

20.102 

.277 

16.290 

.273 

16.874 

V  =4109.91  cn-^ 

.377 

13.395 

.373 

13.664 

0 

.477 

10.796 

.473 

10.794 

0 -=23.142  cm”^ 

.577 

8.664 

.573 

8.613 

.677 

7.196 

.673 

6.948 

.777 

5.848 

.773 

5.676 

.877 

4.636 

.873 

4.785 

1.407 

2.242 

.973 

3.960 

1.907 

1.226 

1.073 

3.539 

1.593 

1.659 

2.093 

0.980 

R(2) 

0.08 

24.177 

0.12 

23.589 

.28 

19.495 

.32 

18.359 

V  =4075.28  cm-i 

.48 

13.669 

.52 

12.681 

w 

.68 

9.529 

.72 

8.744 

0-=*24.714  cm“^ 

.88 

6.901 

.92 

6.263 

0 

1.08 

5.125 

1.12 

4. 668 

1.28 

3.851 

1.32 

3.558 

1.48 

2.914 

1.52 

2.817 

1.68 

2.336 

1.72 

2.242 

1.88 

1.890 

2.22 

1.407 

2.08 

1.751 

2.72 

0.913 

2.28 

1.271 

R(l) 

0.100 

21.910 

0.209 

16.568 

.205 

19.442 

.404 

13.548 

V  =4039.00  CM-^ 

.314 

16.064 

.504 

11.154 

0 

.417 

13.189 

.607 

9.166 

0--22.953  cn”*^ 

.516 

10.869 

.705 

7.589 

U 

.625 

8.841 

.806 

6.349 

.725 

7.317 

.910 

5.286 

.824 

6.064 

1.02 

4.457 

.926 

5.015 

1.54 

2.242 

1.04 

4.171 

2.04 

1.316 

1.53 

2.077 

2.49 

0.869 

2.05 

1.226 

2.57 

0.780 
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TABLE  ZII  (continued) 


Spectral  Line 
and  Measured 

Constants 

Low  Wave 

Vq  -  V 

(S,-M 

Number  Side 

(cm-‘) 

High  Wave 
V  -  Vc 
(cm“^  ) 

Number  Side 
a 

(cm-i^) 

R(0) 

0,04 

16.110 

0.16 

14.326 

.24 

12.720 

.36 

9.932 

v^=4001*05  cm“^ 

•  44 

8.489 

.56 

6.435 

o 

.64 

5.451 

.76 

4*274 

(X_*16»246  cBi”^ 

•84 

3.609 

.96 

2.963 

o 

1,04 

2.527 

1.16 

2.194 

lo24 

1.890 

1.36 

1.659 

1.44 

1.407 

1.56 

1.294 

1,64 

1.069 

1.76 

.935 

1,84 

.824 

1.96 

.692 

2,04 

.648 

2.46 

0.430 

2,54 

0.408 

P(l) 

0,313 

9.890 

0.287 

10.904 

.513 

6.696 

.487 

7.407 

v^=3920.30  c«“^ 

.713 

4.431 

.687 

4*748 

o 

.913 

2.963 

.887 

3.135 

a.=*14.494  c«"^ 

1.113 

2.171 

1.087 

2.218 

o 

1.313 

1.613 

1.287 

1.567 

1.513 

1.242 

1.487 

1.159 

1.713 

0.935 

1.687 

0.869 

P(2) 

0.214 

16.201 

0.286 

14*709 

.314 

14.078 

.386 

12*643 

v^=3877.76  cm-^ 

.414 

11.923 

.486 

10*587 

o 

.pl4 

10.034 

.586 

8*905 

0  *18,458  CB-^ 

.614 

8.489 

.686 

7i498 

o 

;714 

7.108 

.786 

6.149 

.814 

5.980 

.886 

5*178 

.914 

5.042 

.986 

4*431 

1.314 

2.963 

1.086 

3*888 

1 .814 

1.728 

1.186 

3*209 

2.314 

1.091 

1.686 

1*774 

2.814 

.692 

2.186 

1*204 

3.314 

0.473 

2.686 

*824 

3.186 

0*582 
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TABLE  XII  (continued) 
n 


Speetrel  Line  Low  Wave  Number  Side  High  Wave  Number  Side 
and  Measured  Vq  ~  v  a  v  -  Vn  a 

Constants  (cm”i)  (cm**^)  (cm”^)  (cm"^) 


P(3) 

0.28 

14.410 

0.22 

14.962 

.38 

12.223 

.32 

13.110 

v^*3833.72  cm-i 

.48 

10.205 

.42 

11.226 

.58 

8.521 

.52 

9.495 

a««17.6l3  em-^ 

.68 

7.049 

.62 

7.985 

.78 

5.839 

.72 

6.638 

.88 

4.962 

.82 

5.616 

.98 

4.196 

.92 

4.748 

1.08 

3.710 

1.02 

3.990 

1.38 

2.479 

1.12 

3.458 

1.88 

1.339 

1.62 

1  #844 

2.38 

.824 

2.12 

1.091 

2.88 

0.582 

2.62 

0.692 

P(4) 

0.245 

12.267 

0.205 

12.512 

.345 

9.989 

*.305 

10.541 

v^*3788.22  cm-^ 

.445 

7.931 

.405 

8.657 

o 

.545 

6.302 

.505 

6.864 

o-*15«454  cm-^ 

.645 

5.205 

.605 

5.620 

W 

.745 

4.015 

.705 

4.635 

•845 

3.199 

.805 

3.750 

.945 

2.982 

.905 

3.144 

1.245 

1.774 

1.005 

2.547 

1.745 

.980 

1.255 

1.774 

2.245 

0.604 

P(5) 

0.276 

6.774 

0.224 

8.358 

.376 

5.053 

.324 

5.753 

v^*3741.48  cm-^ 

.476 

3.668 

.425 

4.255 

O 

.576 

2.711 

.524 

3.144 

o„*13.110  cm-^ 

.676 

2.041 

.624 

2.323 

o 

.776 

1.625 

0.724 

1.702 

.876 

1.337 

0.976 

1.221 

} 


SPECTRAL  LINE  SHAPE  IN 
MEASURED  AT  5 
IN  th; 


Spectral  Line 
and  Measured 
Constants 

Low  Vaye 

Vo  -  V 

(cb-M 

R(6) 

0.34 

.54 

v„=4203.14  cm“i 

.74 

.94 

a«=8.744  cm”^ 

1.14 

o 

1.34 

1.54 

1.74 

1.94 

2.14 

2.64 

3.14 

R(5) 

0.47 

,67 

V  =4173.88  cm”^ 

,87 

o 

1.07 

0^*13.642 

1.27 

0 

1.47 

1.67 

1.87 

2.37 

R(4)  0.50 

.70 

V^=4142.70  cm-^  1.10 

°  1.50 

a**18.412  cm~^  1.90 

°  2,20 

2.70 

3.20 

3.70 

4.70 

5.70 


1 
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TABLE  nil  (continued) 

1 


Speetral  line 
and  Measured 
Constants 

Low  Vare 
Vo  -V 
(cb“^) 

Number  Side 

(c.-M 

High  Ware 

V  -  Vp 

Number  Side 
a 

( om-i ) 

R(3) 

1.49 

14.050 

1.39 

15.217 

2,05 

10.934 

1.95 

11.456 

V ^=4109 *82  cm“^ 

2.61 

8.247 

2,51 

8.486 

o 

3.17 

6,321 

3.07 

6.546 

0  =22,473  on-^ 

3.73 

5.096 

3.63 

5.177 

W 

4.8$ 

3.462 

4.19 

4.206 

5.97 

2.593 

5.31 

2.827 

7.09 

1.851 

6.43 

2.027 

8.21 

1.455 

7.55 

1.462 

9.33 

1.181 

8.67 

1.072 

R(2) 

2.16 

12,437 

2.20 

12.751 

2.70 

10.111 

2.75 

9.800 

v^s4075.29  c*-^ 

3.25 

7.951 

3.29 

8.048 

3.79 

6.573 

3.84 

6.634 

a«=25.393  cn-^ 

4.34 

5.446 

4.38 

5.448 

5.43 

3.999 

5.47 

4.002 

6.52 

2.989 

6.56 

2.968 

7.61 

2.651 

7.65 

2.265 

8.70 

1.857 

8.74 

1.816 

9.79 

1.531 

R(i) 

1.97 

13.932 

1.74 

13.849 

2,50 

10.557 

2.80 

9.245 

v^a4039#01  cm-^ 

3.56 

7.121 

3.86 

6,197 

o 

4.62 

4.776 

4.92 

4.361 

o_=23,605  cm”*' 

5.68 

3.512 

5.98 

3.365 

o 

6.73 

2,632 

7.04 

2.653 

7.79 

2.142 

8.10 

2.082 

8.85 

1.709 

9.15 

1.802 

R(o) 

1.01 

13.139 

1.04 

12,531 

1.53 

9.995 

1.55 

10.038 

V^s4001,17  on“^ 

2.04 

7.995 

2,07 

7.775 

o 

2,55 

6.254 

2.58 

6.213 

0-=16.497  cn“^ 

3.07 

4.943 

3.09 

4.865 

O 

3.58 

3.963 

4.13 

3.465 

4.09 

3.303 

5.19 

2.633 

5.11 

2,399 

6,19 

1.924 

6.13 

1.928 
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TABLE  nil  (continued) 


Spectral  Line 

Low  VSTS 

Number  Side 

High  Wave 

Number  Side 

and  Measured 

^0 

a 

V  -  Va 

a. 

Constants 

1 

« 

0 

(cm-^) 

(om-‘) 

P(4) 

1.08 

11.517 

1.04 

11.627 

1.50 

9.529 

1.47 

9.495 

v^=378S.21  cu-^ 

1.93 

7.407 

1.89 

7.468 

o 

2.78 

4.962 

2.32 

6.235 

O«»15.704  CM-^ 

3.63 

3.333 

3.17 

4.016 

O 

4.48 

2.242 

4.02 

2.768 

P(5) 

0.76 

10.552 

0.86 

9.729 

1.17 

8.050 

1.27 

7.589 

V  =3741.49  cn-^ 

1.57 

6.178 

1.67 

5.783 

O 

2.38 

3.609 

2.49 

3.811 

0^*13.174  cu“^ 

3.19 

2.289 

3.30 

2.623 

4.00 

1.521 

4.11 

1.751 
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